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SOME FACTORS INFLUENCING THE HEAT PRO- 
DUCTION OF MUSCLE AFTER STRETCHING. 


By U. 8. v. EULER? (Stockholm). 
(From the Department of Physiology, University College, London.) 
(Received November 30, 1934.) 


In 1921 Eddy and Downs observed that the metabolic rate of a muscle 
may be considerably increased as a result of stretching. A more com- 
prehensive study of this phenomenon was undertaken in Hill’s labora- 
tory by Feng [1932], who attained a number of important results, using 
myothermic technique as well as methods for the determination of 
oxygen consumption. The effect of stretching in increasing the oxygen 
consumption of muscle has been confirmed by Meyerhof, Gemmill 
and Benetato [1933]. 

Feng found an increase to three times the normal resting heat rate 
as a result of loading a pair of sartorii of Rana temporaria with weights 
of the order of 30-100 g., even in cases where the muscle was made com- 
pletely inexcitable by KCl to electric stimulation. This effect was con- 
sistently observed with the muscle preparation mentioned, but was much 
smaller, doubtful or absent, in the case of corresponding preparations 
from Rana esculenta, Dutch or Hungarian. 

The present paper deals with experiments undertaken with a view. to 
obtaining further information as to this curious phenomenon and describes 
an attempt to discover some of the factors involved. 


TECHNIQUE. 

The methods used for determining muscle heat rate were chiefly the 
same as those employed by Feng. The muscle preparation used was a 
pair of sartorii attached to the pelvic bone, and mounted in the usual way 
on a sensitive constantan-manganin thermopile of recent type (cf. 
Hartree, 1933, p. 499]. The muscle was soaked in Ringer’s fluid for 
1 Fellow of the Rockefeller Foundation. | 
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2 | U. 8. v. RULER. 
}-2 hours before readings of resting heat were taken, in order to bring it 


into osmotic equilibrium with the solution on the walls of the chamber. 


To the Ringer’s solution was added a mixture of mono- and di-sodium 
phosphate, giving a concentration of 5 mg. P/100 c.c, and a pH of 7-0-7-2, 
depending on the phosphates. During the soaking oxygen or nitrogen 
was passing slowly through the solution. The inner wall of the muscle 
chamber was covered with filter paper, which after removal of the soaking 
fluid remained uniformly moist, thus allowing (1) quick establishment of 
equilibrium, and (2) a constant apparent resting heat rate for a com- 
paratively long time. The use of filter paper on the wall of the thermopile 
chamber was suggested by Dr E. J. Baldes, and proved to be very 


useful. The gas-heated water-bath of about 90 litres used as a thermostat 


was fitted with an inner glass jar of about 5 litres volume, as used by 
Baldes [1935]. Stirring was effected in both baths by means of an air 
current. A sensitive gas regulator kept the temperature constant, within 
0-001° C., at 23-5 and later at 25° C. The thermoelectric current was read, 
on a scale at about 3 metres distance, with a Zernicke Zb galvanometer 
and later with a Moll galvanometer. The heat-rate figures in the following 
pages are given in mm. deflection on the scale, unless otherwise stated. 


The muscle preparation was loaded at the start with a weight of 2-5 g., _ 


and could be loaded with additional weights by means of an isotonic lever. 
Any changes in length of the muscle could be observed and accurately 
measured by the adjustment of a Palmer screw stand. . 


STRETCH RESPONSE OF MUSCLE IN PARAFFIN OIL. 


Feng showed that his “stretch response” was not due to extraneous 
effects or to experimental errors. In order to confirm this fundamental 
point, the heat production was determined with the muscle in paraffin 
oil instead of in gas, since this arrangement excludes any vapour pressure 
effects. The importance of these effects is shown by Hill’s [1930] 
observations. 

Feng had made similar experiments in Ringer’s fluid. The effect of 
stretching was observed as usual (Fig. 1), the increased deflection thus 
necessarily being due to increased heat derived from the muscle itself. 
From the figure it is obvious that the deflection due to stretch of the 
muscle in paraffin oil does not differ greatly from that in nitrogen. The 
deflection is greater in oil than in Ringer’s fluid, owing to the much 
greater heat loss in the latter. | 
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Time 
Fig. 1. 17. v. 1934: 23-5° C. Initial load 4 g. From 9 h. 40 m. to 10 h. 34 m. soaked in 
Ringer N,: then in N,. Paraffin oil N, between 14 h. 10 m. and 15 h. 45 m.: then N, 
stopped. 20 g. load added at a and c, unloading at 6 and d. 


d 
1 
4” \ 
300 
200 
foo 
Fig. 2. 29. v. 1984: 285°C, Initialload 5g. Soaked in 0, Ringer 9 h. 45 m. to 10h. 20 m.: 
. then in 0,. Soaked in same Ringer plus 0-005 p.c. ammonia (final pH 7-8) 14 h. 50 m. 


to 15 h, 22 m.: then in 0,. Ata and c 20 g. load added, at 6 and d unloading. 
1—2 
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INFLUENCE OF THE REACTION OF THE SOAKING FLUID 
i ON THE STRETCH RESPONSE. 


On the assumption that chemical breakdowns, catalysed by enzymes, 
are involved in the increase in heat rate following stretch, it was of 
interest to study the effect of changing pH. Apart from the observation 
by Feng, that pure OO, definitely diminishes the stretch response, no 
such experiments seem to have been reported. | 


A. Ammonia, sodium hydrovide, sodium bicarbonate. 
In view of its physiological occurrence and its great. permeating power 
ammonia was tested first. After the resting heat had been read in the 


usual way, the preparation was resoaked in the same solution as before, 


but with ammonia added. The soaking in ammonia Ringer was usually 


for about half an hour. During this time gas (N, or 0,) bubbled through ~ 


the soaking fluid, which caused a decrease in alkalinity. Colorimetrical 
determination of pH before and after soaking, in a number of cases, showed 
a drop in pH of 0-2-0-6. The pH values given are those obtained im- 
mediately after withdrawing the fluid. The amount of ammonia added to 


100 ¢.c. Ringer varied from 0-2 to 0-8 c.c. of a 0-62 p.c. solution, giving 


a final pH of 7-4-8-9 (see Fig. 2). 

Since a sufficient concentration of ammonia produces contracture of 
the muscle, the length of the muscle was carefully watched. While a 
concentration of 0-05 p.c. of ammonia caused marked contracture, the 


concentration used in the experiment of Fig. 2, 0-005 p.c. or 3 millimolal, 


had a doubtful effect on the length of the muscle, which shortened by 
1-1 mm. Weaker concentrations were never found to have any effect in 
this respect. The curves in Fig. 2 show (1) a considerable increase in 
resting heat rate after soaking in ammonia Ringer, and (2) a greatly 
augmented stretch response. In order to discriminate between am- 
monium ions and alkaline reaction as the cause of these, ammonium 
chloride was added to the soaking fluid to a concentration of 0-01 molal 
at pH 6-8. Soaking the muscle in this did not appreciably change either 
the resting heat or the stretch response. Thus, loading a muscle with 
20 g. increased the resting heat rate from 137 to 298 mm., and after 
soaking in ammonium chloride Ringer from 119 to 253 mm. The increase 
in resting heat and stretch response after ammonia thus appeared to be 


due to the alkaline reaction. Experiments with other alkalies, such as _ 


sodium hydroxide or sodium bicarbonate, corroborated this view, though 
the influence of the latter two agents was rather less marked. Thus the 
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to two or three times the normal (in one case to 3-4 times), while soaking 


HEAT PRODUCTION AFTER MUSCLE STRETCHING. 5 : 
stretch response after soaking in ammonia at pH 8-2-8-8 generally rose 


in Ringer’s fluid of the same pH with sodium hydroxide caused only a 
moderate increase. The quantitative difference in action may be due, at 
least partly, to the difference in permeating power between ammonia 
and sodium hydroxide, the latter finding access to the muscle fibres more 
easily. This would explain, too, the comparatively large effect of sodium 
bicarbonate at lower alkalinity (p~H about 8). é 
The large increase in stretch response after soaking in alkaline Ringer’s - 
fluid could be demonstrated also in nitrogen. The normal stretch response 
in nitrogen was regularly about one-half of that in oxygen, as already 
pointed out by Feng [1932], and the same ratio was found after ammonia. 
The significance of this will be discussed later. 
The apparent increase, after ammonia, in the resting heat with small 
load, was considerable. Thus the resting heat in 17 cases increased on an 
average by 29 p.c. The effect of alkaline reaction in accelerating various 
oxidative processes is well known. 


| 


Fig. 3. 1. vi. 1984: 23-5° C. Initial load 5g. Soaked in Ringer 9 h. 35 m. to 10 h. 47 m.: 
then in O,. 20g. load added at a, unloaded at 6. At 12h. 20m. Ee Ve 
st At ¢ 20 g. load added, at d unloading. 


B. Hydrochloric acia, wwite acid, carbon dioxide. 


Fen g’s observation that CO, diminishes the stretch response was 
confirmed, and even a mixture of 50 p.c. CO, and 50 p.c. O, was found to 
abolish the stretch response, or at least to render it doubtful (see Fig. 3). 
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From Stella’s [1929] curves this concentration of CO, is found to corre- 
spond to a pH figure of about 6-2 in the muscle, assuming equilibrium. 
It was found, however, that this is not a specific action of COQ,, since 
other acids were able to produce the same effect (unless it be argued. that 
these acids act by liberating CO,). The addition of hydrochloric or lactic 
acid to a pH of the soaking fluid of 5-2-6-2 strongly checked the stretch 


response, or abolished it completely, generally without definitely changing — 


the resting heat. ee 

| A possible explanation of the described effects of alkali and acids is 
that the pH- optimum of the breakdown processes which underlie the 
stretch response, and from which the extra heat is derived, lies on the 
alkaline side of the neutral point. In that case the breakdown of phos- 
phagen, which Feng suggests, could scarcely be a principal source of the 
energy liberated, since this process is known to have its pH optimum on 
the acid side [Meyerhof and Lohmann, 1928]. Enzymatic splitting, 
however, of adenylic or of adenosine triphosphoric acid, or of tri-, viz. 
hexose, phosphates, might be taken into account, since these processes 
have their pH optimum on the alkaline side. No direct evidence has been 
obtained as yet, however, for the assumption of any of these substances 
being specially involved in the process in question. 


C. Influence of certain substances on the resting heat and 
stretch response of muscle. 


(1) Cocaine. The alleged stimulating effect of cocaine on muscular 


work was demonstrated by Mosso [1890], who found in experiments on 
himself that a dose of 0-1 g. exerted a stimulating influence on voluntary 
muscle work, especially in a state of fatigue. The effect was smaller when 
the muscles were caused to contract on electrical stimulation, and it was 
therefore concluded that the effect was central in nature. As to the effect 
of cocaine on the metabolism of muscle and other tissues, opinions vary, 
even admitting the great influence of the doses used. Senta [1908] 
observed no effect after addition of cocaine to isolated muscle, though 
Ahlgren [1924] was able to demonstrate a stimulating effect with small 
concentrations, using the Thunberg technique. 
In the experiments to be reported here cocaine was added in the form 
of hydrochloride, in varying amounts, to the soaking fluid. Soaking a 
‘muscle for about half an hour in cocaine 1:10,000 increased the stretch 
response markedly, and a striking effect was observed with a concentra- 
tion of 1:500, as illustrated by Fig. 4. This experiment shows (1) that the 
resting heat is augmented to about three times the normal, and (2) that 
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the effect of loading is strongly increased, as a result of soaking in 
cocaine Ringer. 

The marked action of cocaine on the resting heat indicates an increase 
in metabolism, as observed by Ahlgren for muscle tissue, and by 


_ Herbst [1931] for a whole animal, Among observations concerning the _ 


metabolism it has been shown that the output of lactic acid in urine from 
animals under cocaine is strongly increased [Araki, 1891], though it is 
uncertain whether this is due simply to the increased muscular activity. 
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Fig. 4. 22. vi. 1934: 25-0° C. Initial load 4g. Soaked in Ringer 0, 9 h. 40 m. to 10h. 40 m.: 
then in O,. At a, 30 g. load added, at 6 unloading. Between 11 h. 6 m. and 11 h, 30 m. 
soaked in cocaine Ringer 0, 1:500: then in O,. At ¢ 30 g. load added, at d unloading. 


Since the nature of the effect of cocaine is still unknown, no idea of 
the cause of the increase in stretch response can be advanced at present. 
Possibly alterations are effected at interfaces in the muscular cell, though 
very little is known about the correlations between these and metabolic 
processes. Although the stretch response itself is wholly unexplained, it 
is not really premature to discuss the cause of its changes, since the 
influence of such substances as are known to act in a certain physico- 
chemical way may provide a clue to the understanding of the pheno- 
menon itself. Now cocaine, particularly in smaller concentrations of the 
order 1: 1000 to 1:10,000, is known to stimulate a number of biological 
processes in cells and simpler organisms. 0. and R. Hertwig [1887] 
observed that cocaine in a concentration of 1:4000 prevented the un- 
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fertilized sea urchin egg from resisting the attacks from more than one 
spermatozoon, which resulted in polyspermia. Mosso [1894] found 
quicker germination in Phaseolus vulgaris under the influence of cocaine 
in concentrations of about 1:10,000. It might be assumed that cocaine 
in these cases affects the state of the cells by acting on the surface or 
interfaces, thus affecting what is generally referred to as permeability. 
From this point of view it was of interest to study the effect of other 
substances which are known to be “‘surface active”. 
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Fig. 5. 29. vi. 1934: 25-0° C. Initial load 4 g. Soaked in Ringer 10 h. 15 m. to 11 h. 12 m.: 
then in O,. At a, 20 g. load added, at 6 unloading. Between 11 h. 45 m. and 12 h. 45 m. 
soaked in C.T.A.B. Ringer O, 6:10,000: then in O,. At c 20 g. load added, at d un- 


(2) Cetyl-trimethyl-ammonium bromide. This. substance, of the 
formula CygHs3(CH,),NBr (C.T.A.B.), which among other substances was 
kindly placed at my disposal by Dr N. K. Adam of University College, 
London, has strong surface activity, as have other similar long carbon 
chain compounds. When added to Ringer’s solution in concentrations of 
3: 10,000 up to 3:1000, it was found to diminish the stretch response or 
to abolish it totally. Fig. 5 shows the action of C.T.A.B. in a concentra- 
tion of 6:10,000. Though no significant action was observed on the 
resting heat as a result of soaking in C.T.A.B., 6:10,000, the stretch 
response was considerably diminished, as shown in Fig. 5. As regards the 
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mechanism of this effect, it may be assumed that it is connected in some 
way with the surface active properties of the substance, especially in 
view of the similar effect observed after soaking in sodium oleate solution. 
The depressing effect of C.T.A.B. on the stretch response was not easily 
removed by subsequent soaking in normal Ringer’s fluid, but a good 
stretch response could be obtained later after soaking in cocaine Ringer. 

' Strong concentrations of C.T.A.B., such as 3:1000, caused a con- 
siderable contraction of the muscle, while concentrations of 6: 10,000, 
such as employed in the above experiment, were without noticeable effect 
on its length. 

(3) Acetylcholine, adrenaline, ergotoxine. These substances, known 
for their typical action on autonomically innervated organs, were all 
ineffective in producing any definite change of the stretch response after 
soaking the muscle for about half an hour in the following concentrations: 
acetylcholine 1:30,000 (causing no contraction), adrenaline 10-*, ergo- 
toxine 1:25,000. The experiments were exactly as usual. . 


D. Analysis of the time course of the stretch response. 


At the suggestion of Prof. A. V. Hill, analyses of the stretch response 
heat.curves were undertaken in a number of experiments. The analyses 
were made on galvanometer deflection curves recorded photographically. 
A relatively insensitive galvanometer (original Moll, Kipp & Zonen), 
with excellent zero-keeping properties, was used, allowing readings to be 
made to 0-1 mm. The analysis was carried out in terms of a calibration 
curve, which was obtained by means of uniform electric heating of the 
muscle after it had been rendered inexcitable with KCl [Duliére and 
Horton, 1929]. The heating current was obtained from condenser 
shocks in alternate directions at a constant frequency continued until 
the deflection was constant. The KCl treatment, which has been found 
very suitable for this purpose, does not alter the stretch response appre- 
ciably, as already observed by Feng, and could therefore be used from 
the beginning of an experiment. A steady galvanometer deflection of the 
heating curve was generally obtained in 3-4 min. Fig. 6 shows the type 
of photographic tracings obtained. 

An analysis of the curves shown in Fig. 6 is given in Fig. 7. This — 
reveals that the true heat rate after loading in oxygen reaches a pre- 
liminary maximum within 10 sec., and after about 40 sec. begins a 
further gradual rise. This rapid initial attainment of a maximum has 
been consistently observed in all curves analysed (12 experiments, 26 
_ curves), though the further course of the heat rate varied slightly. In 
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oxygen the preliminary “plateau” was generally followed by a gradual 
Fig. 7. where the later part of the analysed beat 
pate curve sloped downwards, the muscle was generally “ overloaded 

(subjected to a heavy load of 50-100 g.) or previously treated with a 
substance strongly increasing the stretch response. In nitrogen the 
initial rise was generally somewhat slower (as illustrated in Fig. 7) and 
in most cases the later part of the curve sloped downwards. In order to 


Fig. 6. 20. vii. 1934: 25° C. Initial load 2 g. a, 20 g. load added in O,. 6, 20 g. load 

10 min. in N,. ¢, same after 20 min. in N,. d, same after 30 min. in N,. f, heating 
curve for analysis. Time marks in seconds. Note: time scale different in curves } 
and c, e, resting heat in nitrogen. 


follow the onset of the change in heat rate occurring in nitrogen, a short 
stretch response curve was registered and analysed 10 min. after nitrogen 
had been introduced. The analysed curve is drawn in Fig. 7 (N, (1)), and 
shows that even after 10 min. in N, the character of the heat rate curve 
is already definitely changed towards that shown after 30 min. in 
nitrogen. 

It is obvious that the general type of the heat rate curves of the 
stretch response in oxygen and in nitrogen is the same, i.e. the heat rate 
rapidly reaches a preliminary maximum and then remains at a high 
level, with gradual deviations in either direction. There is a significant 
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difference, however, in all experiments, namely, in respect of the height 
of the first rapid increase in heat production. The preliminary maximum 
(after some 10 sec.) is about twice as great for oxygen as for nitrogen. 
This is worthy of notice, since a series of stimulating shocks to a muscle 
would give about the same initial heat for nitrogen as for oxygen, showing 
that the initial heat is derived entirely from anaerobic processes. In the 
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Fig. 7. Analysis of curves a, b, and d in Fig. 6 given in terms of f. 
Abscissa, time: ordinate, rate of heat production. 


case of stimulated muscle, the difference in heat production between nitro- 
gen and oxygen appears later as recovery heat in the latter, which would 
appear in the analysed curve as a steady increase continuing for several 
minutes [ef, Hill, 19286, Fig. 3]. Assuming that the latter part of the 
analysed curve in oxygen is the resultant of a rising and a falling curve, 
it is clear that variations in either direction as actually observed might 
occur. On the other hand, since the curve in nitrogen does not always 
show a marked secondary fall, the oxidative heat represented by the 
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slow rise in the oxygen curves, cannot be very great as compared with 
the “initial” heat. Presuming the difference between the “initial” heat 
in oxygen and in nitrogen to be real (a presumption supported by the 
magnitude of the difference, viz. about 100 p.c.), it may be concluded 
that the difference between the “initial” heats in oxygen and nitrogen 
represents a part, and probably the far greater part, of the oxidative 
energy. If this explanation is correct the oxidative processes must be 
assumed to set in rather rapidly during the stretch response, as com- 
pared with those involved in muscular contraction. The nature of these 
breakdown processes, the oxidative restoration of which must be more 
rapid than, say, the oxidation of lactic acid, is not known, though several 
processes might be considered. Hence it seems unlikely that the lactic 
acid should play an important role for the development of the stretch 
response, since oxidative removal of this substance requires several 
minutes for completion. Furthermore, it has been shown by Feng that 
formation of lactic acid does not necessarily accompany the stretch 
response, since iodoacetate poisoning does not abolish it. 

Several “unloading” experiments were also made, and curves ob- — 
tained in oxygen and nitrogen, and analysed. In the oxygen curves the 
true heat rate returned gradually to the initial level in about 6 min.; in 
nitrogen the return was much quicker, as was expected, and was nearly 
complete in about 40 sec. These results indicate that there is a certain 
amount of “slow” oxidative heat, already suggested by the gradual rise 
in the loading curve. The instantaneous drop in the analysed curve in 
oxygen, following unloading, is, however, only one-half of the initial rise 
and about equal to the rapid drop in nitrogen, contrary to the course of 
events in the stimulated muscle [Hill, 1928a, Fig. 3]. This seems to 
speak in favour of the view that part of the apparent “initial” heat in 
oxygen is in fact oxidative heat. | 


K. Stretch response in relation to state of animals. 

Feng made the interesting observation that only the English Rana 
temporaria regularly give the stretch response, while the phenomenon 
could hardly be demonstrated on R. esculenta. This observation was con- 
firmed. In some cases, however, where the latter showed an almost in- 
appreciable effect, a definite response could be obtained after soaking in 
alkaline Ringer, indicating that the difference is probably quantitative 
in nature. On the other hand, it was noticed that not every temporaria 
was suitable for these experiments. Thus the stretch response, as a rule, 
became less the longer the frogs had been kept in the laboratory. Speak- 
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ing generally, lively frogs gave a good stretch response, more torpid ones 
a weak one, though exceptionally even lively ones, after a period of 
about a fortnight in the laboratory (experiments performed May-July), . 
gave @ poor response. 

The behaviour of other muscles, such as rectus abdominis of tem- 
porarta or strips of Platysma from dog, was also tested. Both of these 
offered relatively little resistance to stretching, and lengthened con- 
siderably even under a moderate load. No definite stretch response could 
be observed in any case. The importance of the state of the frog (apart 
from the differences in behaviour between temporaria and esculenta) for 
other reactions, possibly related to the stretch response, has recently 
been shown by Katz [1934]. 


SuMMARY. 


_ 1, The rates of heat production of the sartorius muscle of Rana 
temporaria, at rest and after loading (the “stretch response” of Feng) 
have been studied under various conditions. 

2. Previous soaking in Ringer’s solution made alkaline with ammonia, 
_ sodium hydroxide, or sodium bicarbonate (pH about 8-9), increases the 
resting heat and the stretch response, while acids (hydrochloric or lactic 
acid, carbon dioxide) at pH about 5-6 diminish or abolish the stretch 
response. 

3. Cocaine hydrochloride added to the soaking Ringer. increased the 
resting heat, as well as the stretch response, up to three-fold. 

4. Cetyl-trimethyl-ammonium bromide and sodium oleate, under 
the same conditions, diminished or abolished the stretch response. 

5. Analysis of the galvanometer deflection heat curves showed that 
the extra heat rate resulting from stretch reaches a preliminary maximum 
within 10 sec. and then remains high, generally showing a gradual further 
rise in oxygen and a fall in nitrogen. The “initial” rise is about twice as 
great in oxygen as in nitrogen. 

6. It is suggested that, in the stretch response, the difference of 
apparent initial heat between oxygen and nitrogen is due to oxidative 
processes setting in rapidly, without any — non-oxidative 
breakdown. . 


I wish to thank Prof. A. V. Hill for much valuable advice and criticism, and Mr J. L. 
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THE ANTI-KETOGENIC SUBSTANCE AND 
PHLORHIZIN DIABETES. 


By PETER T. BLACK. 


(From the Department of Biochemistry, McGill University, 
Montreal, Canada.) 


(Received December 11, 1934.) 


Biack, CoLLip AND THOMSON [1934] have shown that rats treated 
for long periods with anterior pituitary extracts containing the keto- 
genic principle become very resistant to its action, and that the serum 
of such animals when injected into otherwise untreated animals confers 
upon them also marked resistance to this hormone. It was suggested 
that the prolonged treatment stimulated the production of an anti- 
ketogenic substance in a manner analogous to the production of the anti- 
thyreotropic hormone reported by Collip and Anderson [1934]. 

Rietti [1932] has shown that hypophysectomy reduces the ketonuria 
of depancreatized or phlorhizinized dogs. Similar observations have 
been made in this laboratory; removal of the pituitary of the depan- 
creatized dog leads to a sharp decrease in the ketone body excretion, an 
effect which appeared to be even more striking than the reduction of the 
sugar excretion of these animals. 

Levine and Smith [1927] and Goldfarb, Barker and Himwich 
[1934] have shown that fasting phlorhizinized rats excrete large quan- 
tities of ketone bodies in the urine. It was felt that valuable information 
as to the nature of the acquired resistance to the ketogenic action of 
pituitary extract might be obtained by the es of phlorhizin — 
in animals exhibiting this resistance. 


EXPERIMENTAL. 


Female rats received daily intraperitoneal injections of from 0:5 to 
1-0 c.c. of the alkaline extract of ox anterior pituitary lobes described by 
Burn and Ling [1933] for periods of three to four months, while on the 
ordinary stock diet. From time to time the animals were removed from 
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their cages and placed in pairs in Hopkins’ metabolism cages and fasted 
for two or three days. During the test periods, each animal received 
1-0 c.c. of Burn’s extract per 100 g. body weight per-day; the urine was 
preserved with copper sulphate and analysed for total acetone bodies by 
the gravimetric method of Van Slyke [1917]. After each test, the 
animals were returned to their cages, supplied with food and injections 
were continued. Table I is a record of two of these animals, typical of the 


TanLE I. Rate of development of resistance to ketogenic hormone 


in female rats treated continuously, 
mg. per 100 g. t 
Av. weight Age 
_ Animal No. g. days Ist day 2nd day 3rd day 

11 and 12 71 40 1-2 23:3 . 26-0 
77 47 11:3 
83 54 2-7 
134 75 1:3 3-4 2-8 
206 125 0-4 0-4 0-3 


The amount of pituitary extract injected was 1-0 c.c, 100 in the first four tests, 
and | o.c, per rat in the two last. et 6 


series. It will be noted that there is a sharp drop in response after two 
weeks, but that it required about three months of continuous treatment 
to bring about a complete loss of sensitivity to the 1-0 c.c. dose. Table II 


TaBxE II. Rate of development of resistance to ketogenic hormone 


in rate treated only during test periods. 
Total veg bodies in urine 
Av. weight Age 
Animal No. g. days Ist day 2nd day 3rd day 
5 and 6 61 40 0-4 10-8 13-5 
71 47 75 
70 54 17-1 
116 75 0-7 11-4 41-3 
154 125 0-5 V7 29-2 


is a record of two of the “control” animals which were tested on days 
corresponding to the first group but received no injections between the 
test periods. These animals did not become resistant to the ketogenic 
hormone under these conditions, and were used as controls in the sub- 
sequent experiments with phlorhizin. In these experiments, total ace- 
tone bodies were determined-as before, urine sugar was determined by 
the macro method of Shaffer and Hartman and nitrogen by a micro- 
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Kjeldahl method. The animals were fasted for a period of four days; each 
‘morning and evening they received injections of 100 mg. of phlorhizin 
suspended in 0-9 p.c. saline, the administration of pituitary extract being 
discontinued. The urine analyses for each animal on each of the four 
days are summarized in Tables III and IV. 

Five out of the six continuously treated animals showed relatively 


insignificant amounts of acetone bodies in the urine even after four days — 


of fasting with intensive phlorhizin poisoning (Table III), while all six 
of the control animals of corresponding age suffered a very severe ketosis; 
two of this group succumbed to the treatment (Table IV). Animal No. 10, 
although treated in a similar manner to Nos. 7, 8 and 9 with four months 
of daily injections of 1-0 c.c. of Burn’s extract, showed a very decided 
ketonuria. These four animals were later subjected to a further test of 
their resistance to the ketogenic activity of this anterior pituitary extract 
while fasting, and only No. 10 showed any sensitivity to the extract 
(Table V). 

A similar experiment was subsequently carried out with another 
group of rats, using larger doses of phlorhizin (300 mg. daily). The 


TaswE III. Ketonuria of fasting phlorhizinized female rats displaying 


resistance to the ketogenic hormone. 
Urine 
Animal Initial Weight | Sugar D:N Total 
No wt. g loss g g- g ratio §§ acetone mg 
7 253 13 0-67 0-288 2-33 1-0 
0-67 0-384 1:75 7-0 
17 0-61 0-352 1-73 1-0 
10 0-88 0-352 2-50 8-0 
8 261 13 0-77 0-326 2-36 0-7 
18 0-88 0-435 2-02 30-0 
15 0-64 0-280 2-28 33-6 
7 0-62 0-252 2-46 39-3 
9 251 21 0-61 0-302 2-02 10 
14 0-57 0-308 (1-85 9-2 
ll 0-57 0-280 2-04 13-2 
23 0-60 0-280 2-14 46 
10 238 16 0:75 0-260 2-88 0-9 
20 0-70 0-320 2-18 72-8 
13 0-68 0-294 2-32 92-3 
ll 0:77 0-291 140-7 
ll - 272 26 0-70 0-350 2-00 1-2 
20 0-67 0-358 1-87 3:8 
14 0-54 0-383 1-41 2-2 
13 0-63 0-308 2-04 4:7 
12 266 22 0-70 0-298 2-32 1-5 
20 0-60 0-332 1-81 2-2 
12 0°76 0-292 2-60 2-2 
| 14 0-80 0-362 2-20 4:3 
PH. LXXXIV. 2 
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Urine 
Animal Initial Weight Sugar —_‘Nitrogen Dis 
No. wt. g loss g. 8 ratio 
5 0-80 0-182 4-40 
10 0-61 2-41 102-8 
0-61 0-245 2-08 160-9 
2 210 10 0-68 0-230 3-00 0-5 
7 0-80 0-262 3-16 30-3 
14 0-68 0-218 3-12 135-2 
4 0-72 0-210 3-43 167-6 
12 0-60 0-200 3-00 131-6 
10 0-43 0-145 207 
4 182 12 0-29 0-212 1-37 1-2 
ll 0-80 0-268 2-98 28-2 
12 0-55 0-225 2-44 117-8 
6 0-53 0-206 2-58 137-0 
5 147 12 0-57 0-201 2-84 0-9 
ik 0-55 0-192 2-86 97-0 
BL 0-41 0-167 2-46 65-7 
6 187 13 0-80 0-222 3-60 1-0 
8 0-65 0-234 2-78 64:1 
7 0-62 0-224 2-78 159-1 
8 0-55 0-210 2-62 
* D: animal died, 
Tasxz V. Final sensitivity of the experimental animals to the ketogenic extract. 
Total in urine 
weigh t 
No. weight g. 2nd day 3rd day 4th day 
7 ; 251 0-8 0-8 T 
8 251 0-8 1-0 0-0 
221 0-0 0-9 
10 207 6°5 16-3 1-0 
Specimen lost. 


“resistant” animals on this occasion excreted amounts of acetone similar 
to those recorded in Table III, while the mortality among the “control” 
animals on this dosage of phlorhizin was so heavy that the experiment 
could not be completed. 
It is clear that the rats which have lost the power to respond to the 
pituitary extract with acetonuria have also lost the power to exhibit 
‘marked acetonuria during phlorhizin poisoning. It does not seem un- 
reasonable to ascribe both of these alterations of metabolism to the 
presence in the experimental animals of the “anti-ketogenic” substance 
whose existence was demonstrated by Black, Collip and Thomson 
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[1934]. On this theory, the present study appears to show in the first 
place that the ketogenic principle of the anterior pituitary is secreted and 
plays a part in the production of acetonuria during phlorhizin diabetes, 
and is therefore a physiological hormone and not merely a pharmaco- 
dynamically active substance; and in the second place, that the acquired 
resistance to the injected ketogenic principle of bovine origin is accom- 
panied by acquired resistance to the autogenous ketogenic hormone 
discharged by the pituitary in the experimental animals, and therefore 
is not specific for the bovine hormone, or that the resistant animals have 
lost the power to produce the ketogenic hormone for themselves. 


SuMMARY. 


Female rats continuously treated with an anterior pituitary extract 
containing the ketogenic principle become resistant to its action within 
three months. Such animals show only slight acetonuria when treated 
with large doses of phlorhizin while fasting. 
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THE ROLE OF THE NERVES IN THE ACTION OF 
ACETYLCHOLINE ON THE EMBRYONIC HEART. 


By PHILIP BROWNELL ARMSTRONG. 


(From the Department of Anatomy, Cornell University Medical College, 
New York City, and the Marine Biological Laboratory, Woods Hole, 
Massachusetts.) 


(Received December 21, 1934.) 


Since the work of Loewi in 1921 on the humoral mediator between the 
vagus nerve and heart muscle, there has been an increasing body of 
evidence which indicates that this neurohumoral substance is acetyl- 
choline. Most of the pertinent literature on this point is quite recent, 
so no attempt will be made to review it. Cannon [1933] has traced in 
a general way the development of this idea. The generally accepted point 


of view has recently been stated by Dale [1934] as follows: “It can now © é 


be stated definitely that the vagus impulses produce their effect by 
liberating acetylcholine and that the sympathetic impulses produce theirs __ 
by liberating something like adrenaline among the fibres of the muscular _ 
wall of the heart.” 

Dale [1933] suggests that those nerve fibres liberating acetylcholine 
at their terminals, predominantly parasympathetic postganglionic, be 
termed “cholinergic”, and those with an adrenaline-like action, pre- 
dominantly sympathetic postganglionic, be termed “adrenergic”. He 
further suggests that probably all of the preganglionic fibres of the whole 
autonomic system are “cholinergic”. 

Thus, according to the current conception, the inhibition of the heart 
on vagus stimulation results from the direct action on the heart muscle 
of acetylcholine liberated by the vagus postganglionic fibres. The se- 
quence in the transmission of the stimulus may be crudely represented: 

preganglionic fibre + synapse - postganglionic fibre 
acetylcholine > heart muscle. 
The acetylcholine recovered in the heart on vagus stimulation is thus 
liberated by the postganglionic fibres. 
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There are other possibilities as to the origin of acetylcholine liberated 

in the heart on vagus stimulation. The synapses between the vagus pre- 
- ganglionic and postganglionic fibres are located in the heart wall. If the 
vagus preganglionic fibres are “cholinergic”, a possibility which Dale 
suggests, the acetylcholine may be liberated at the vagus intramyo- 
cardial synapses. Here the sequence in the transmission of the impulse 


would be: preganglionic fibre + acetylcholine : synapse 


> postganglionic fibre + heart muscle. 


This possibility appears more reasonable now than it would have formerly 
as it has recently been shown that acetylcholine is liberated at nerve 
synapses. Dikshit [1934] has demonstrated the synaptic liberation of 
acetylcholine in the basal ganglia of the brain and Feldberg and 
Gaddum [1934] and Barsoum, Gaddum and Khayyal [1934] in 
the sympathetic ganglia. Feldberg and Gaddum believe that the 
effects of eserine and atropine on the action of the cardiac vagus strongly 
support the view that the postganglionic vagus fibres to the heart muscle 
are cholinergic. They think it is possible, and even probable, that the 
preganglionic vagus fibres are also cholinergic and their mechanism may 
make some contribution to the “ Vagusstoff” liberated in the heart on 
vagus stimulation. 

An attempt was made in this present study to determine the site of 
action of acetylcholine, whether it acts on the heart muscle directly or 
through the mediation of the postganglionic vagus fibres. There is also 
the possibility suggested by Feldberg and Gaddum that both the 
_ postganglionic vagus fibre and the heart muscle are susceptible to the 
action of acetylcholine. If the site of action of acetylcholine can be 
determined, it should throw some light on the probable place of origin 
of acetylcholine in the vagus stimulated heart. 

Acetylcholine should inhibit a heart without any nerves if its vago- 
mimetic action is directly on the heart muscle. Unfortunately it is im- 
possible to denervate completely the heart of an adult vertebrate on 
which to test this reaction. The sympathetic innervation to the heart 
can be entirely eliminated by the removal of the cervical and thoracic 
sympathetic chains as has been done by Cannon and his associates 
[1929]. The cardiac branches degenerate completely, and regeneration is 
impossible as the cell bodies have been removed. The cardiac vagus 
innervation, unlike the sympathetic, cannot be entirely eliminated. When 
one sections the vagus nerves, the axons of the preganglionic fibres are 
severed. Lawrentjew [1929] sectioned the vagus nerves in cats and 
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followed the subsequent degeneration of the nerve fibres and the fate of 
the postganglionic cells in the heart wall. He found these postganglionic 
cells unaffected even after complete degeneration of the preganglionic 
fibres below the point of section. The survival of the postganglionic fibres 
following vagus section is supported by Cameron’s [1933] physiological 
experiments on vagus section and regeneration. She cut the vagus nerves 
in rabbits, cats and dogs. Function was not re-established until over a 
year after section. The survival of the postganglionic fibres surely was 
essential for this re-establishment of function. Therefore one can draw 
no safe conclusions regarding the site of action of acetylcholine if one 
uses the so-called “denervated heart”. It is not completely denervated 
and the drug may act possibly through the postganglionic fibres or 
directly on the heart muscle. ) 

The only vertebrate hearts which have no innervation, neither sympa- 
thetic nor parasympathetic, are those of vertebrate embryos in the earlier 
stages of development. Shortly after the onset of heart function, beat 
initiation becomes rhythmic, and conduction regular. During the aneural 
period the various heart chambers form, and an essentially adult mor- 
phology develops before the nerves reach the heart. The vagus post- 
ganglionic fibres do not develop in situ but migrate down to the heart 
at the growing tips of the preganglionic fibres. The aneural embryonic 
heart with its essentially adult morphology followed by the innervated 
heart was found to be most satisfactory material on which to study the 
site of action of acetylcholine. 


MATERIALS AND METHODS. 


’ The developing embryos of the salt water minnows, Fundulus hetero- 
chtus and Fundulus majalis, were used in the experiments included in 
this paper. One can readily observe the embryonic heart without any 
operative interference since all the contractile chambers are in the peri- 
cardial cavity in front of the head and the underlying yolk is very 
transparent. 

Measured quantities of drugs were injected directly into the embryos 
with a microinjection pipette. The injections were made into the brain 
ventricles either through the non-nervous roof of the fourth ventricle or 
into the lateral ventricles through the tectum of the optic lobes. Control 
injections were made into other regions of some embryos. 

Several different preparations were injected including acetylcholine 
chloride (Merck), acetylcholine bromide (Eastman Kodak), acetyl-B- 
methylcholine chloride (Merck), pilocarpine hydrochloride (Merck), and 
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atropine sulphate (Merck). The solutions were made up in frog Ringer 
solution with the pH adjusted to 8-1, which is close to the pH of the 
body fluids of Fundulus embryos [Armstrong, 1927]. A new pipette 
was used for each different concentration of drug, and all solutions were 
freshly prepared. 

Diastolic arrest of the auricle was the test of the vagomimetic action 
of acetylcholine. The auricle is the part of the heart first innervated, so 
this was the most advantageous test. It should be recalled that nervous 
effects on the teleost heart are entirely vagal since it has no sympathetic 
innervation. 

In an earlier paper [Armstrong, 1931], the functional reactions in 
the embryonic heart accompanying the ingrowth of the vagus nerves 
were described in detail. It was found in subsequent morphological study 
of the developing nerves with vital staining that the nerves are de- 
veloped to the heart an appreciable time before they can be stimulated 
reflexly. It is necessary therefore to divide the earliest stage described, 
which was termed stage I, into two parts. 

Stage Ia. Heart morphologically and physiologically aneural. This 
stage lasts in Fundulus majalis from the onset of the heart beat after 
72 hours of development until the eighth day. The end of this stage is 
marked by a moderate retinal pigmentation. The heart has an essentially 
adult morphology during the latter half of this stage, with a sinus 
venosus, auricle and ventricle but no nerves. 

Stage In. Heart morphologically innervated but nerves not suscep- 
tible to reflex stimulation. Although the nerves have reached the heart 
and can readily be demonstrated by vital staining with methylene blue, 
the reflex arc is not complete, so one can elicit no vagus responses in 
the heart as can be done by mechanical stimulation of the embryos in 
the later stages when the reflex arc is complete. This stage lasts about - 
36 hours, from the time when the retinal pigmentation is moderate until 
the lower jaw has developed forward on a line with the upper jaw. 

These two stages, Ia and Is, were used for the injection studies, 
representing respectively the non-innervated and the innervated stages. 
In the more advanced stages, II, III, IV and V, the heart is susceptible 
to reflex stimulation through the vagus on the introduction of the pipette 
into the brain ventricles, so to avoid the confusion of reactions of mixed 
origin the innervated but non-reflex stage IB was used for injections. 

It was essential to know in stage Ip whether or not there were func- 
tional synapses between the vagus pre- and postganglionic fibres. The 
functional gap in the reflex arc might very well be at these synapses. 
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The functional condition of these synapses was determined by direct 
stimulation of the vagus visceral motor nucleus using a microelectrode 
[Grundfest, 1932] with a tetanizing current. The second electrode was 
diffuse and dipped into the sea water surrounding the embryo. 

The morphological development of the nerves was followed with 
several different staining methods and will be reported in another paper. 
Microcinematographs were taken showing the results of injections of the 


various drugs. 


THE EFFECTS OF ACETYLCHOLINE ON THE ANEURAL HEAR 
(Stace Ia). 


Seventy-four embryos in this stage of development were injected 
with acetylcholine. In Table I are given the results of such injections 
on a single series of Fundulus majalis embryos. Some embryos of the 
same series were injected with acetyl-8-methylcholine and pilocarpine. 
These embryos are included in the same table for purposes of comparison. 

The acetylcholine was injected in concentrations ranging from 10-* 
to 10-* and in doses from 0-000088 to 0°135y. Before the nerves reached 
the heart there was no inhibition of contractility in the auricle on the 
injection of acetylcholine. Acetyl-8-methylcholine and pilocarpine like- 
wise produced no negative inotropic effect in the auricle before the nerves 
_ reached the heart. Beat initiation remained rhythmic and the beats were 
regularly conducted (Fig. 1) from the sinus venosus to the auricle, and 
next to the ventricle which contracted in turn forcing the blood through 
the conus arteriosus into the ventral aorta. In the control embryos the 
hearts were innervated. All three drugs produced a striking diastolic 
arrest in the hearts of these animals, including not only the auricle but 
also the ventricle. | 

Acetylcholine and acetyl-f-methylcholine show a delayed effect on 
the heart which in certain respects is quite the reverse of a vagus action, 
and which also differs from the vagus effect in that it is exerted on both 
non-innervated and innervated hearts. A few minutes after injection 
there appears a marked increase in the tone of the heart muscle indicated 
by a striking decrease in the diastolic size of the heart. Usually beat 
initiation remains rhythmic and conduction of the beat through the heart 
chambers remains normal, but the volume of blood passing through the 
heart is relatively small. The ventricle is the first chamber affected. 
Next the auricle is affected and finally the sinus venosus. This contrac- 
ture-like effect comes on in innervated hearts as the vagus effect wears 
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Taste I, The effect of acetylcholine chloride, acetyl-f-methylcholine chloride, and pilo- 
carpine hydrochloride on thé non-innervated hearts (stage Ia) of Fundulus majalis 
embryos. Hearts of control embryos innervated. 


Acetylcholine chloride 
c.mm. 

No. solution  Doseiny 
1 10-* 0-088 0-000088 
2 10-* 0-157 *  0-000157 
0-163 0-000163 
4 10-* 0-163 0-000163 
5 10-* 0-188 0-000188 
6 10-* 0-307 0-000307 
7 10-5 0-094 0-000942 
8 10-5 0-119 0-001190 
9 10-5" «0-125 0-001250 

10 10-5 0-166 0-001660 

11 10-5 0-188 0-001880 
12 10-5 0-251 0-002510 

Control 10-¢ 0-031 0-003140 
13 10-* 0-138 0-013800 
14 0-172 0-017200 
Control 107° 0-062 0-062800 
15 10-8 0-065 0-065900 - 
16 10-2 0-119 0-119000 
17 10-3 0-135 0-135000 

Acetyl-8-methylcholine chloride 

Control 0-031 —-0-031400 
18 10-3 0-125 0125000 
19 107% 0-153 0-153000 
20 10-3 0-182 0-182000 
Control 10-* 


21 0-094 0-094000 
22 10-* 0-119 0-119000 


Results of injection 
No diastolic arrest of auricle 


No diastolic arrest of auricle. Entire heart 
strongly systolic a few minutes after in- 
jection but not arrested 

No diastolic arrest of auricle 


strongly systolic a utes after in- 
jection but not arrested 


Diastolic arrest of auricle and ventricle 
lasting over 1 minute 


moderately systolic 2 min. after injection 
but not arrested 


No diastolic arrest of auricle 
Diastolic arrest of auricle and ventricle ran 


pf min. exce became 
tha Of thts period 


Beso diastolic arrest of auricle 


No diastolic arrest of auricle. Entire heart 
became strongly systolic 2 min. after in- 


No diastolic arrest of auricle 


Auricle and ventricle arrested in diastole for 
of observation min.) 

last 4 min. when ven was 
tad boating 


No diastolic arrest of auricle 


Diastolic arrest of auricle and ventricle 
during period of observation (7 min.) 
No diastolic arrest of auricle 
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Fig. 1 Fig. 2 | 
Fig. 1. Microcinematograph tracing showing absence of any vagomimetic effect in the 
heart on injection of acetylcholine into an embryo with a non-innervated heart. 
Stage Ia. A, auricle; B, cardiac pulsation; Z, eye; H, head; S, sinus venosus; 
V, ventricle; W, basal auricular wall. 
Fig. 2. Microcinematograph tracing showing diastolic arrest of the auricle and ventricle 


on injection of acetylcholine into an embryo with an innervated heart. Stage IB. 
A, auricle; B, cardiac pulsation; HZ, eye; H, head; S, sinus venosus; V, ventricle. 
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off. As long as it persists in embryos of stages II, III, IV and V, the 
heart remains refractory to reflex vagus stimulation whereas normally 
they could be inhibited by reflex stimulation. The contracture-like effect 
is reversible usually in less than an hour. It did not appear following 
pilocarpine injections. 


THE MINIMUM EFFECTIVE DOSE OF ACETYLCHOLINE INDUCING AURICULAR 
DIASTOLIC ARREST IN MORPHOLOGICALLY INNERVATED HEARTS 
(Stace Is). 


The minimum dose of acetylcholine inducing auricular diastolic arrest 
in morphologically innervated hearts was determined so that comparison — 
could be made with the doses which proved ineffective in the non- 
innervated hearts. The smallest effective dose was 0-000023y, which 
produced a transient negative inotropic effect on the auricles of embryos 
4 and 5 (Table IT) without involving the ventricles. The auricle in both 
cases was thrown out of the rhythm in diastole for several successive 
beats. The sinus beats were transmitted to the ventricle over the basal 
auricular wall. The next higher dosage given was 0-000031y, into em- 
bryo No. 6, which proved ineffective due possibly to the small amount 
of solution injected (0-031 c.mm.) since the drug was in a dilution 
of 10-*. 

As the amounts of acetylcholine injected were increased the vagus 
effects were more lasting and when 0-000062y (Table II, embryo No. 10) 
was injected, the ventricle as well as the auricle was thrown into diastolic 
arrest. There was still a regular initiation of beats in the sinus venosus, 
but the auricle and ventricle were strongly diastolic (Fig. 2) and the 
circulation of the blood stopped. The back pressure into the sinus venosus 
from the engorged auricle and ventricle increased the pressure in the 
sinus venosus so much that the contraction of the venous end, though 
present, was hardly appreciable. The auricular end of the sinus venosus 
has a thicker wall and here the pulsation was distinctly visible. With 
each pulsation extra blood was forced into the diastolic auricle which 
dilated slightly but immediately came back to its normal diastolic size, 
and the extra blood returned to the sinus venosus. The force of con- 
traction of the sinus venosus was not sufficiently great to force the blood 
into the ventricle. All amounts greater than 0-000062+ likewise produced 
‘diastolic arrest of both the auricle and ventricle. The ventricle always 
went into diastolic arrest immediately after the auricle and always 
escaped from the arrest before. : 
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Taste II, The effects of acetylcholine chloride on the innervated hearts (stage 1) 
of Fundulus majalis embryos. 
Acetylcholine chloride 
Em 
in ¢.mm. 
solution Dose in y Results of injection 
1 107 0-088 0-000009 © No inhibition of contractility of auricle 
2 107 0-122 0-000012 ” ” ” 
3 107 0-147 0-000015 ge nga inhibition of contractility of 
: 0-229 0-000023 ‘Transient negative inotropic effect in auricle 
. ei followed by a general systolic condition of 
entire heart with normal beat initiation 
and conduction 
5 10-7 0-232 0-000023 Transient negative inotropic effect in auricle 
followed by a general systolic condition of 
entire heart but with regular beat initiation 
and normal conduction 
& 7 0-031 0-000031 No inhibition of contractility of auricle 
0-041 0000041 Transient negative inotropic effect on auricle 
8 10-* 0-047 0-000047 Negative inotropic effect on auricle 
9 10-* 0-053 0000053 Auricular arrest coming on 30 sec. after 
jections 
10 10-* 0-062 0-000062 § Auricular and ventricular diastolic arrest. 
‘ coming on 20 sec. after injection and 
lasting 25 sec. 
ll 10-* 0-063 0-000063  $Auricular and ventricular diastolic arrest 
12 10-* 0-072 0-000072 Auricular arrest coming on 25 sec. after 
injection and lasting 20 sec. 
13 10-* 0-078 0-000078 Injection into pericardial cavity with strong 
| and persistent diastolic arrest of auricle 
and ventricle 
14 10-* 0-084 0-000084  Auricular and ventricular arrest coming on 
15 sec. after injection and lasting in the 
auricle for 50 sec. ; 
15 10-* 0-094 0000004 Auricular and ventricular diastolic arrest 
16 10-* 0-004 0000094 Auricular diastolic arrest coming on 30 sec. 
| after injection 
17 10-* 0-094 0-000094 Auricular and ventricular diastolic arrest 
18 10-* 0-135 0-000135 | 
19 10-* 0-144 0000144  Auricular and ventricular diastolic arrest 
coming on 20 sec. after injection. 
20 10-* 0-147 0-000147 + ~=Auricular and ventricular diastolic arrest 
21 10-* 0-154 0-000154 Auricular and ventricular diastolic arrest 


coming on 40 sec. after injection and 
_ lasting 20 sec. 


The contracture-like effect was noted in several of the embryos in 
Table II. It occurred even in embryos 4 and 5 so that a very small 
amount will induce this effect. | 
In Table I it will be noted that the largest amount of acetylcholine 
injected was 0-135y into embryo 17 and no vagus effect resulted. In 
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Table II the smallest amount which produced a vagus effect was 
0-000023y. The former amount is very nearly 6000 times the minimal 
effective amount for the innervated heart. The failure to obtain vagus 
effects in the non-innervated heart can hardly be attributed to the 
injection of too small amounts of acetylcholine. | 

A number of embryos were injected with pilocarpine just after the 
hearts became innervated. The auricle and ventricle were both thrown 
into diastolic arrest with the amounts used. Acetylcholine and. pilo- | 
carpine induced no diastolic arrest following a previous injection of 
atropine. The contracture-like effect was seen in no case following 
pilocarpine injection. 


ELECTRICAL STIMULATION OF THE VAGUS VISCERAL 
MOTOR NUCLEUS. 


The heart cannot be inhibited by reflex vagus stimulation in stage IB 
even though the nerves have reached the heart where they can be demon- 
strated by vital staining. There is a gap somewhere in the reflex arc. 
The functional state of the intramyocardial vagus synapses was deter- 
mined by stimulating the vagus visceral motor nucleus in the hind brain. 

It was impossible in embryos in stage IB to produce a vagus effect 
in the heart when this nucleus was stimulated. Apparently the vagus 
intramyocardial synapses were not functional. Two types of control ex- 
periments were made. The vagus visceral motor nucleus was stimulated 
after the reflex arc was complete, and invariably inhibitory effects re- 
sulted in the heart. The oculomotor nucleus in the mid-brain was also 
stimulated before the reflex arc for eye movements was complete. This 
was carried out when the retinal pigmentation was just completed. On 
stimulation of the oculomotor nucleus eye movements were readily in- _ 
duced. This is to be expected on the basis of Coghill’s experiments in 
which he found in the developing swimming reactions of Amblystoma 

embryos that the effector side of the reflex arc is capable of functioning 
before the arc is complete. In the vagus system the presence of the 
second neuron gives the intramyocardial vagus synapses which either 
are not formed or are incapable of functioning when the nerves first reach 
the heart. Kellogg [1927] was unable to inhibit the hearts of several 
different mammals at term by stimulating the vagus nerves though there 
was some indication that the postganglionic mechanism in the heart was 
functional. 
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Discussion AND SUMMARY. 


In previous studies the depression of the heart rate has been used as 
the criterion of a vagus effect of acetylcholine on embryonic hearts. 
Plattner and Hou [1931] obtained marked depression of the heart rate 
with acetylcholine in 70-90 hours chick embryos with a return to the 
normal rate on removal of the drug. They concluded that the vago- 
mimetic action of acetylcholine was exerted directly on the heart muscle. 
The acetylcholine was used in-a concentration of 1-5000 directly on the 
heart which is a much greater concentration than one usually associates 
with its vagomimetic action. No control experiments were performed on 
innervated hearts particularly with different concentrations, nor was 
atropine tested as an antagonist of the slowing obtained. Hsu [1933] 
also obtained negative inotropic effects with acetylcholine on non-inner- 
vated chick hearts in vivo, thus corroborating the results obtained by 
Plattnerand Hou. In vitro he obtained slowing in both non-innervated 
and innervated hearts. He likewise concludes that acetylcholine acts 
directly on the heart muscle. The percentage slowing Hsu obtained was 
very variable. With the same concentration slowing might or might not 
be obtained or there was even complete arrest. He does not state whether 
the arrest was systolic or diastolic, nor did he try to abolish the effects 
obtained with atropine. Markowitz [1931] used acetylcholine on ex- 
planted chick cardiac tissues in culture. Explants from 6 days embryos 


or older (innervated) almost invariably showed the typical vagomimetic 


action of acetylcholine. Younger explants were usually refractory. 
Markowitz suggested that some intermediary substance is n 
for the action of acetylcholine. No attempt was made to abolish the 
vagomimetic action with atropine. 

There can be no doubt that in the embryonic Fundulus heart the 


presence of the nerves made a profound difference in the action of acetyl- 


choline. Injections of large amounts up to 0-135y produced no vago- 
mimetic effect on the auricle before the nerves reached it. Contractility 
was unchanged. Dikshit produced respiratory arrest in cats with corre- 
sponding amounts injected into the brain ventricles. The total volume 
of a Fundulus majalis egg is only 4-0 c.mm. so that relatively enormous 
doses were injected. Acetylcholine apparently cannot produce a vago- 
mimetic effect in the non-innervated embryonic Fundulus heart by 
directly inhibiting the auricular muscle. 


After the nerves reach the auricle acetylcholine produces diastolic 


arrest of the auricle with amounts as small as 0-000023y. The ventricle 
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is included in the reaction if the amount injected is increased to 0-000062y. 
The minimal effective dose was injected in a concentration of 10-? and, 
if uniformly distributed through the egg, the final concentration would 
be of the order of 2x 10-*. This is of the same order of concentration as 
found by Feldberg and Krayer [1933] in the coronary vein of warm 
blooded animals following vagus stimulation. The exact concentration 
in which the acetylcholine reached the heart cannot be determined be- 
cause the rate of diffusion through the egg and the rate of destruction 
in the blood stream are not known. Pilocarpine, like acetylcholine, 
produces no vagus effect in the non-innervated heart. It did produce 
auricular and ventricular diastolic arrest in the innervated heart and | 
became effective at the same time as acetylcholine. The negative inotropic 
effects on the auricle of both acetylcholine and pilocarpine undoubtedly 


‘are mediated through the nerves. The actions of both are abolished by 


atropine. Lanczos [1930] failed to obtain vagus effects on the lower 
two-thirds of the frog’s ventricle with either acetylcholine or vagus 
substance. Ganglion cells are lacking in this region of the heart. 
L4nezos concluded that acetylcholine acts on some nervous element — 
in the heart. 

Acetylcholine produces its vagomimetic action before the intramyo- 
cardial vagus synapses are functional, so the synapse probably is not 
the site of action. It probably stimulates the postganglionic fibre directly 
especially since Feldberg and Gaddum [1934] and Barsoum, 
Gaddum and Khayyal [1934] have demonstrated the role of acetyl- 
choline in the transmission of nerve impulses within the sympathetic 
system. 

The contracture-like effect seen in embryonic Fundulus hearts after 
injections of acetylcholine is probably a direct action on the heart muscle. 
It was seen in both innervated and non-innervated hearts. It can be 
produced by small amounts of acetylcholine and is reversible. In the 
innervated hearts it comes on after the vagus effect has lifted. 


CoNCLUSIONS. 


1. Injections of large amounts of acetylcholine (up to 0-135y) into 
developing Fundulus embryos do not inhibit the contractility of the 
non-innervated auricle. The inotropic vagomimetic action is not directly 
on the heart muscle. 

2. Soon after the nerves reach the auricle small amounts of acetyl- 
choline (down to 0-000023y) produce negative inotropic effects in the 
auricle and a larger amount (0-000062y) stops both the auricle and 
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ventricle in diastole. Pilocarpine becomes effective at the same time as 
acetylcholine and the actions of both are abolished by atropine. 

3. Acetylcholine produces its vagus effect by directly stimulating 
probably the vagus postganglionic fibres which in turn inhibit the heart. 
Pilocarpine also acts through the postganglionic fibres. Both of these 
substances are effective before the intramyocardial vagus synapses are 
functional. | 

4, Acetylcholine produces a contracture-like effect in both non- 
innervated and innervated hearts. This effect comes on in innervated 
hearts as the vagus effect disappears. It involves first the ventricle, 
next the auricle and finally the sinus venosus. Usually beat initiation 
and conduction remain regular, but systolic arrest of the ventricle was 
noted. This contracture-like effect is reversible. 

5. From this work it is suggested that the vagomimetic substance 
recovered from the heart after vagus stimulation is liberated at the intra- 
myocardial vagus synapses, and not at the postganglionic endings. This 
origin of the cardiac vagomimetic substance seems probable in the light 
of recent work on the transmission of impulses through ganglia. 


The cost of this investigation was defrayed in part from a grant made by the 
Committee on Scientific Research of the American Medical Association. 
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ON THE ALLEGED OCCURRENCE OF 
_ ACETYLCHOLINE IN THE SALIVA. 


By O. 8. GIBBS. 
(Physiology Department, Georgetown University, Washington, D.C.) 
(Received December 21, 1984.) | 


Recentiy Secker has described the effects of reinjection of saliva 
produced by various means of stimulation of the gland. He finds that 
there is a relatively large fall of blood-pressure, that this is abolished by 
atropine, and also partially by alkali hydrolysis. He also describes a 
stimulant effect on isolated gut, but admits that this is not exactly 
reproducible by acetylcholine. After 1 c.c. doses of saliva, in partially 
physostigminized animals, he also obtains a small secretion of saliva. On 
this evidence he concludes that saliva contains acetylcholine. | 

On general grounds the presence of acetylcholine in the saliva would 
not be surprising, considering its diffusibility and the fact that it is prob- 
ably produced by stimulation of the chorda tympani. If large quantities 
were liberated on stimulation of the chorda tympani, it might easily be 
found in the secreted saliva. Some unpublished experiments conducted 
by my friend Dr Szeloczey of Budapest and myself in 1932, and further 
amplified by myself, did not, however, fit this conclusion, and I have 
consequently repeated the essential features of Secker’s work. 

The experiments conducted by Szeloczey and myself were directed 
to the question of how much acetylcholine is liberated on stimulation of 
the chorda tympani. For this purpose we were matching small doses of 
acetylcholine, injected into the arterial supply of the gland, against short 
stimulations of the chorda tympani, using the side-artery preparation 
which we described. It should be noted, in connection with this type of 
experiment, that not only must the volumes of the fluids injected be 
exactly the same, but the injections must also be made at the same rates, 
and preferably occupy about the same time as the nerve stimulation. 
The experiment to be described is a recent one, in which extremely careful 
precautions of this type were not taken; but it illustrates the increasing 
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potentiation resulting from administtation of physostigmine in two 
injections, instead of in a single dose as in our earlier work. All the 
experiments illustrated were made on cats, anwsthetized by 60 mg. per 
kilo of dial given intraperitoneally. The lines of tracing, from below 
upwards, are, in each case, time-record (5 sec.), signal and base line, drops 
of saliva by Gibbs’ recorder, and arterial pressure. 

Fig. 1a shows the effect of 0-01 y of acetylcholine, producing three drops 
of saliva. Chorda stimulation for 5 sec. evoked five drops, not counting 


Fig. la. Effects, on arterial acetylcholine injection and chorda tympani 
stimulation, of physostigmine administered in two stages. 


the single after-drop which is frequently noted after nerve stimulation, 
and not after injection of acetylcholine in these amounts. No physo- 
stigmine was given. There is no change in blood-pressure. 

Fig. 1b shows that after 0-2 mg. physostigmine the saliva secreted is 
now eight drops from the acetylcholine, and nine drops from the nerve 
stimulation, again excluding the more delayed after-drop, but including 
the entire local group. | 

_ With both types of stimulation very small blood-pressure effects are 
now noticeable, and are approximately equal. 
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Fig, 16. Explanation same as Fig. la. 


Fig. 1c. Explanation same as Fig. 1 a. 
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Fig. 1c shows the effects produced by a further dose of 0-2 mg. of 
physostigmine, in which case approximately twenty-six drops are 
_ evoked by the nerve stimulation, and twenty-five drops by the catide 
choline. The blood-pressure effects are also very similar. 

This type of experiment, being in the nature of a dual and simul- 
taneous biological test, is clearly one of great precision, and the result 
indicates that the amounts of acetylcholine effectively liberated are 
equal, within the experimental error, to those injected. Furthermore, this 
experiment suggests quite strongly that the normally liberated acetyl- 
choline is extracellular; otherwise it would be difficult to account for the 
same potentiation of the blood-pressure effects. If then, as Secker 
maintains, acetylcholine is present in the saliva, the interesting possi- 
bility arises of an additional intracellular formation of acetylcholine, or 
its liberation in the saliva after secretion. A simple diffusion of extra- 
cellular acetylcholine into the saliva is not supported by these observa- 
tions, or by the fact that saliva produced by acetylcholine injection shows 
no measurable difference from that produced by other means. 


“ERFECT OF SALIVA GIVEN INTRAVENOUSLY. 
With these points in mind I have repeated the essential features of 


- Secker’s experiments. Like Secker I have found that injections of 


fresh saliva, produced either by nerve stimulation or by injection of 
acetylcholine, with or without physostigmine, give very similar results, 
namely a profound fall of blood-pressure (see Figs. 2, 3, 4). In some cases, 
especially if no physostigmine is given, there is a sharp a rise, 
such as Secker has recently described (Fig. 2). 

Unlike Secker, however, I do not find that the type of curve is at all 
similar to that produced by acetylcholine injection, the most striking 
difference being the very slow recovery, well illustrated 1 in the various 
examples given. 

EFFECT OF ATROPINE. 


Secker claims that atropine obliterates, or even reverses, the effect 
of an injection of saliva. In this direction I find the results variable. In 
one case out of fourteen I have noted this to occur; in others, such as 
that illustrated by Fig. 2, an animal rendered insensitive to acetyl- 
choline by atropine still responds by a prolonged and deep fall of pressure 
to an injection of saliva. As atropine itself causes vaso-dilatation, some 


antagonism to a depressor effect may be discounted as evidence of 
specificity. 
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Fig. 2. ‘Showing that an animal unresponsive to acetylcholine, after atropine, is 
still strongly reactive to an injection of saliva. 


Fig. 3. Effects of a small dose of acetylcholine (0-2 ¢.c. of 1:10, million in 0-3 c.c. Ringer's 
solution), injected arterially, on salivary secretion and blood-pressure in a physo- 
stigminized animal, aaa with those of 0-5c.c. of fresh saliva obtained from 
the same animal. 
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EFFECT ON SALIVARY SECRETION. 

‘Secker has also claimed that intravenous injection of saliva in a 
physostigminized animal causes some salivary secretion. He did not, 
however, make any comparison with equally depressor doses of acetyl- 
choline under the same circumstances. Had he done so, he would have 
been impressed by the fact that a strong depressor effect is also pro- 
duced without physostigmine by the same dose of saliva, and that a 
comparable effect induced by acetylcholine is accompanied by the 
seeretion of a few drops of saliva, both these effects of acetylcholine being 


Fig. 4. Effects on secretion and blood-pressure of arterial injection 
| of saliva to which acetylcholine has been added. . 


greatly increased by physostigmine. As, however, the testing of actions 
on the gland by intravenous injections involves uncertainties and com- 
plications, it was considered desirable to repeat these experiments under 
more precise conditions, This was accomplished by injecting the substance 
to be tested directly into the gland artery. Fig. 3 illustrates the type of 
reaction in a physostigminized animal. In this case 0-02 acetylcholine 
caused 14-15 drops of saliva, with a small fall of blood-pressure; saliva 
injected in an equal volume (0:5 c.c.) caused a massive fall of pressure and 
one drop of saliva. Fig. 4 illustrates a second type of experiment, in 
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which acetylcholine was added to saliva and at once injected, the mixture 
producing less saliva than the acetylcholine alone. The blood-pressure 
effect was not measurably affected by the addition of acetylcholine in 
this case. Attention is drawn to the fact that these inter-arterial in- 
jections of acetylcholine led to salivary secretion immediately following 
injection. The secretion resulting from injections of saliva is always — 
delayed in character. 

On occasion we have observed that an intravenous injection of saliva 
in &@ physostigminized animal causes a few drops of saliva; but, as 
this may occur with non-specific agents which cause a sudden fall in 
pressure in such sensitive preparations, we are in no position ~ use this 
as evidence of a specific action. : 


The experiments described above do not offer any support to 
Secker’s contention; they show, indeed, that there may be something 
which would mask the action of acetylcholine in saliva if any were present, 
as shown by the effects of arterial injections. They do show that saliva 
is a very potent depressor agent, but whether this action is due to the 
presence of special depressor substances, or is merely the result of the 
injection of a complex colloidal material, is not yet established. Further 
experiments are being conducted on this point. 

In his second paper on this subject Secker also claims the presence 
of a pressor substance. Reference to Fig. 2 shows also some such effect. 
It is felt, however, that effects produced by the injection of a material 
of such unknown ‘Complexity as saliva are difficult to interpret with 


precision. 


» 


CoNCLUSIONS. 


1. Since physostigmine equally potentiates previously equivalent 
tra-arterial injections of acetylcholine and chorda tympani stimulation, 

it is possible to estimate the amount of acetylcholine liberated by a given 
stimulus with reasonable accuracy. 

2. For stimulation of the cat’s chorda tympani for 3-5 sec. with 
ordinary induced currents, this amount is of the order of 0-01y. 

3. Intravenous injections of saliva have a powerful depressor effect, 
following a short pressor phase. 

4, This effect is not constantly removed by atropine in doses suffi- 
cient to annul the depressor effects of acetylcholine. 
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5. Saliva injected into the artery of the gland does not evoke secre- 
tion, but reduces that produced by added acetylcholine. 

6. No evidence is found to support the view that saliva contains 
acetylcholine. | 
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THE EFFECT OF FAT ON GASTRIC MOTILITY. 


By B. A. McSWINEY ann W. R. SPURRELL. 
(From the Physiology Department, The University of Leeds.) 
(Received December 26, 1934.) 


Ir has long been known that the presence of fat in a meal modified the 
motility of the stomach and led to delay in its emptying. This fact has 
been demonstrated in a variety of ways, by means of gastric and duodenal 
fistulae, X-rays, opaque meals, and by test-meals: the results are in 
general agreement. 

_ Ofrecent years, attention has been directed to the site of action of the — 
fat, and evidence has been produced to suggest that this may be in the 
stomach or the duodenum. Cannon [1911] showed that the addition of 
fat to his standard opaque paste delayed the appearance of any opaque 
material in the duodenum for half an hour; this result must indicate a 
direct gastric effect as it occurred before material could be detected in the 
duodenum. Ivy, Lim and McCarthy [1925] demonstrated that the 
introduction of fat into denervated pouches of the entire stomach di- 
minished the motility of that organ. Farrell and Ivy [1926] trans- 
planted pouches of gastric tissue into the mammary gland and described 
inhibition of the motility of these pouches when fat was placed in the 
main stomach. This suggested that the inhibitory influence of fat could 
be transmitted by some humoral or hormonal mechanism. 

More recently Quigley, Zettelman and I vy [1934] showed that the 
intravenous injection of emulsified fat or the products of fat digestion 
do not inhibit gastric motility. Gastric inhibition by fat according to 
these authors requires the contact of fat with the intestinal mucosa; 
mere contact with the stomach does not suffice. 

‘Lim [1933] produced inhibition of the movements of the stomach 
by injecting an extract of intestinal muscle or blood from fat-fed animals. 
In view of the fact that this extract also diminished the secretory response, 
he suggested that the extract contained a chalone which affected both 
secretion and movement. He produced evidence in support of the view 
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that this chalone was produced mainly in the intestine and to a very small 
degree in the stomach. | | 

Very little work appears to have been done. in the estimation of any 
relationship between the quantity of fat and the degree of delay produced 
thereby. 

The experiments described in this paper deal with these two latter 
questions, with the degree of delay produced by meals of varying fat 
content, and with the site of action of the fat. | 


GASTRIC DELAY IN MEALS OF VARIED FAT CONTENT. 

Two groups of experiments have been carried out, one upon dogs in | 
which the stomach had been prepared by the ‘‘outlme method” [1933] © 
and another upon the human subject. 


Length of greater curvature in cm. 


D 
20- 4 2 
15- 
: Hours after meal 
Fig. 1. To show the delay in emptying time of the stomach produced by meals of 
: different fat content. 


A =emptying point: milk + 10 p.c. paraffin. 
B=emptying point: milk. | 

C =emptying point: milk +5 p.c. fat. 
D=emptying point: milk +10 p.c. fat. 

=emptying point: milk +20 p.c. fat. 


Two dogs, in which the stomach had been outlined by a series of fine 
silver sutures placed in the serous coat along the curvatures, were given 
standard meals of skim-milk (fat free) and the emptying time was 
determined. Varying amounts of cream, of known fat content, were then 
added to the standard meal and the emptying time of the fatty meals 
measured. Fig. 1 shows the typical results obtained, and it will be seen 
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that the degree of delay produced increases with the concentration of fat 
offered. No sign of delay was observed in the few experiments when 
corresponding volumes of liquid paraffin were added to the skim-milk. 
In man the emptying time of a standard gruel meal was determined — 
by the fractional method. Varying concentrations of fat were added to 
the gruel and the delay measured. Table I shows that the degree of delay — 
again increases with the concentration of fat in the meal. 


Tasiz I, Human subject. 


Em 
tie“ Average 


hours 
Standard 7 2-8 
3 
3 
10 p.c. fat 4:33 1-53 
4 
20 p.c. fat ae 6-83 4-03 
64 
7 
10 p.c. fat in | 4-33 1-53 
duodenum 


If the degree of delay, calculated as a percentage of the normal 
emptying time, be plotted against the concentration of fat in the meal, 
the curves for man arid dog are seen to be very similar (Fig. 2). Further- 
more, exterpolation of these curves suggest that there is a limiting con- 
centration above which the stomach will not empty, this state of affairs 
probably being relieved by vomiting. 


Man Dog 


0 50 100 150 
P.c. ius in emptying of stomach 


2. The degree of calculated percentage of normal emptying time, is plotted 
concentration of ft in meal, (Figure taken from Fig, 1 and Table I.) 
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THE SITE OF ACTION OF THE FAT. 


Human experiments. 


On the human subject a few experiments were performed in which 


cream was delivered directly into the duodenum through a tube, the tube 
then withdrawn and a standard gruel meal swallowed. The presence of fat 
in the duodenum produced delay of a very similar order to that follow- 
ing the administration of the same amount of fat with the gruel (Table I). 
The gastric samples showed very little fat, so little or no regurgitation 
took place into the stomach. The effect produced was therefore mainly 
duodenal in origin. In one subject the introduction of fat into the duo- 
denum provoked such a profound intestinal disturbance that the 
experiment had to be abandoned. 


Acute experiments. 
In order to determine whether any delay could be directly associated 
with the presence of fat in the stomach, a preparation was sought in 


which the rate of gastric outflow could be measured and any duodenal or. 


intestinal influence excluded. We have used decerebrate cats and by 
adopting certain precautions in the preparation of the animals the stomach 
will empty satisfactorily in about 80 p.c. of cases. . 

The animals are deprived of food for 24 hours and milk is the only 
article of diet on the day preceding the fast. They are anesthetized with 
ether, tracheotomy performed and both carotids are tied. The anesthetic 
is then deepened as it is important for the subsequent success in emptying 
that the operation on the abdomen should be carried out with complete 
relaxation. The abdomen is opened through a right paramedian incision 


and the duodenum picked up gently; the point of entry of the bile duct. 


is identified and the bowel divided about # in. distal to this. Into the 
proximal end is tied a piece of medium-walled rubber tubing of suitable 
size, so adjusted that its upper end lies just distal to the bile papilla (for 
safety it is best to anchor the tube by a stitch). The distal end of the 
rubber tube is brought out through a stab wound in the flank so placed 
that the tube lies comfortably over the right kidney and in axial pro- 
longation of the proximal duodenal stump; it is adjusted under direct 
vision so that the pylorus is not twisted or angulated thereby. In order 
to minimize the risk of reflex interference from the damaged distal end of 
the duodenum, its mesentery is tied off and divided for the first inch and 
the end of the bowel closed with a ligature. Thus the preparation provides 
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an intact stomach and pylorus opening into a minimal length of duodenum 
and draining away to the exterior. At no stage of the procedure is the 
stomach handled or pulled upon as this reduces the speed with which the 
organ resumes its functional activity. When the operation is completed 
the exposed parts are moistened with hot saline and a final inspection 
is made to see that the outflow tube is lying true. The abdomen is then 
closed. 


The cesophagus is then opened in the neck and a soft rubber catheter | 


(No. 18) tied in so that the eye lies about an inch proximal to the cardia. 


The animal is then decerebrated through a trephine opening. 

After the operation the animal is allowed to rest for 30 min.. A meal 
consisting of 60 c.c. of meat extract at 37° is then poured down the 
cesophageal tube, about 1 min. being allowed for its introduction. In 
quite a number of animals complete swallowing movements are carried 
out although the meal is introduced into the distal end of the esophagus. 
A column of fluid 10-15 in. high is held up at the cardia and allowed to 
enter the stomach intermittently. 

The behaviour of these animals to the first meal varies; in 75 p.c. of 
cases the stomach begins to expel its contents after an interval varying 
from 5 min. to 2 hours, in others nothing is expelled, but after emptying 
the stomach and introducing a fresh meal a further 10 p.c. empty. Since 
the original experiments we have learned that it is a mistake to leave the 
stomach inactive for a long period; if at the end of half an hour, a slight 
addition (30 c.c.) or a fresh meal fails to produce emptying, the prepara- 
tion is unsatisfactory and should be abandoned. A certain proportion, 
10 p.c., will empty if the primary meal consists of 60 c.c. normal saline, 
but as a routine we find that meat extract or hypertonic saline is more 
reliable. 

The first meal empties slowly at first but the motility of the stomach 
rapidly improves and reaches a relatively stationary level as shown by 
the uniform emptying time for subsequent saline meals. If the level 
reached is too low, it is possible to “build up” the motility by a second 
meal of meat extract, but this is rarely necessary. Once a good rate of 
emptying is reached (60 c.c. in 20-30 min.) consecutive meals of 60 c.c. 
normal saline are given and, if these empty at similar rates, they are 
taken as the basis for comparison with fat. When this stationary state is 
reached a fat meal is given and for this purpose we have employed 
60 ¢.c. of olive oil at 37°. The rate of outflow is recorded by measuring 
the minute volumes from the outflow tube. The values obtained are 
plotted against the time interval. | 
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Fig. 3 gives the typical results obtained. It shows the steady state of 
flow established for saline meals and the very definite delay associated 


| 
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= 30 min.) 


04 05 0 3 
Times of meals (4 cm. 
Fig. 3. A series of graphs to show the delay in emptying time produced by olive oil in the 
stomach. The outflow is plotted against the time interval. The emptying time for 40 c.c. 
is given for each meal. A, meat extract; B, meat extract; C, saline; D, olive oil; 
E, saline; F, saline; er H, saline; J, saline; J, gum acacia. 


Fig. 4. Sh shone thea of ond 
olive oil; A, saline; B, CO, D, #, mineral oil; F, G, pin of The emptying time for 
40 c.c. is given for each meal. 


with the fat meal. Taking as a convenient point for comparison the a 


taken for the escape of 40 c.c. of the meal, the time for saline is 4-11 min., 
while that for fat is 23-30 min. 
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This delay produced by fat in the stomach might be related to the 
, physical or the chemical properties of the fat employed. We have at- 
' ‘tempted to separate these two possibilities by examining the behaviour 
of the stomach towards a meal of 60 c.c. of mineral oil of the same vis- 
cosity as the olive oil employed. Fig. 4 shows that the mineral oil is evacu- 
ated as rapidly as saline so that the delay associated with fat is not to be 
explained as due to its properties as a viscous oil. Similar results were 
obtained with meals of gum acacia in water (Fig. 3). 


Discussion. 


There appears to be a close relationship between the concentration of 
fat in a meal and the degree of gastric delay produced thereby. This 
observation suggests that the stimulus concerned is quantitatively 
related to the amount of fat present and from this it is logical to conclude 
that the site of stimulation must lie within that part of the alimentary 
tract in which the fat is still concentrated in bulk, ¢.e. in the stomach and 
duodenum rather than in the lower reaches of the intestinal tract where 
the mass effect of fat would not be exerted. 

Whether the effect is related to the chemical nature of the material or 
to its physical properties is partly answered by the experiments with 
mineral oil; as far as the stomach is concerned the delay associated with 
fat cannot be dependent upon its properties as an oily viscous liquid. It 
has been suggested that different fats leave the stomach at different rates 
and this difference is said to be due to the varying capacity for emulsifica- 


_ tion of the fats concerned. Roberts [1930] has described experiments to 


show that different degrees of delay are associated with fats of different 
chemical composition. Our experiments do not bear on either of these 
two possibilities and the questions still await solution. 

The site of action has been placed in the stomach or duodenum. The 
idea of a “direct gastric effect” is supported by the evidence of Cannon 
[1911] who showed that in 50 p.c. of his cats no opaque material left the 
stomach for about 30 min: after a fatty meal, whereas the opaque paste, 
by itself, began to leave in 5 min. The curve of emptying for 20 p.c. fat 
(Fig. 1) is very suggestive of the same thing. For the first three hours 
after taking the meal there is no alteration in the length of the greater 
curvature and, as we have previously described [1933], the lesser curvature 
length remains practically constant. It is difficult to believe that, with 


| _aconstancy of length of both curvatures, there can have been any marked 
_ alteration in gastric capacity. This would mean that the rate of gastric 


x 
wi 
4 
a 
“Ww 
on 
> = 
4 
% 
4 
j 
ag 


48 B. A. MoSWINEY AND W. R. SPURRELL. 


secretion exactly paralleled the rate of gastric outflow. The known in- 
hibitory action of fat upon gastric secretion therefore supports the view 
that the gastric outflow was negligible and that the fat eeeehed its in- 
hibitory influence whilst still in the stomach. : 

The acute experiments upon the cat directly support this view. In 
the preparation employed practically the whole of the duodenum is 
excluded from the influence of fat and the short proximal segment re- 
maining is drained rapidly into the outflow tube. Accordingly, it is just to 
assume that the effects observed are mainly gastric in origin. In these 
experiments there is marked delay in the outflow of a fatty meal as 
compared with a constant emptying time for saline meals. 

The few experiments in which fat was delivered direct into the duo- 
denum support the view that gastric delay can be produced from that 
site but they-give no idea as to the relative importance of that effect 
when a fatty meal takes its normal course through the alimentary tract. 
The delivery of fat direct into the duodenum in no way represents its 
normal method of arrival. If the conception of a direct gastric effect is 
correct and if this effect is proportional to the fat content of the meal, 
any contribution to gastric delay from the duodenum must steadily 
diminish as the fat content of a meal rises and less material leaves the 
stomach in a given time. 

From these considerations it would appear that the presence of fat in 
a meal must always exert a direct gastric effect, that fat in the duodenum 
can contribute to the delay, but the duodenal contribution must be 
subservient to the conditions existing within the stomach. 


SuMMARY. 


1. The degree of gastric delay produced by fats increases with their 
concentration in the meal. 

2. Delay is produced as the result of some direct action of the fat 
within the stomach. 

3. Fat in the duodenum can produce gastric delay but the extent of 
this effect must be governed by intragastric conditions. 


4, A decerebrate preparation, in which the stomach will empty, is 
described. 


We wish to express our thanks to Mr D. M. Lieberman for assistance in these experi- 
ments, The expenses of this investigation have been defrayed in part by a grant from the 
Government Grant Committee of the a Society. 
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Suvce L. and M. Lapicque [1903] and Keith Lucas [1906] started 
systematic investigations of the time factor in excitation, the relation 
between strength and duration in electrical stimulation has frequently 
been worked out for different types of nerves. Nevertheless, there is still 
some doubt left about the shape of the curve toward the region of shortest 
stimuli, whereas its general form toward the rheobase is hardly questioned. 
L. and M. Lapicque [1911] observed in the nerve threads of the snail’s 
foot, as in other slowly reacting organs, that the quantity of electricity 
required for threshold stimulation gradually but continually diminished 
when the duration of the stimuli was progressively shortened. Plotting 
quantity vertically against time horizontally they obtained curves tending 
toward zero. Lapicque [1926], therefore, assumed that in the frog’s 
medullated nerve a minimum quantity for excitation did not exist, and 
that results to the contrary were due to experimental errors. He pointed 
out that quickly reacting nerves were unsuitable objects because a dis- 
tortion of the extremely short stimuli, which had to be used, prevented 
a reliable calculation of the quantity applied within a certain duration. 

It is obvious that the theoretical course of condenser discharges and the 
shape of rectangular shocks would be altered by inductance or capacity 
in the circuit. We may disregard the question as to whether Lapicque 
[1907] introduced these sources of error only after the physiological 
experiment by inserting a ballistic galvanometer for the physical 
measurements as Hermann [1909] supposed, since these disturbances 
are avoidable. It is essential, however, to know in what manner the 
form of a current traversing a nerve is changed by the capacity of the 
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tissue itself. This capacity, which is mainly due to polarization, will 
affect both condenser discharges and constant current rectangular shocks. 
The time course of their alteration is conditioned by the rate of rise of 
the polarization which we assume to be the initiating factor in excitation 
(Hermann, 1873]. 

This close connection between physical and physiological process is 
manifested in the strength-duration curve. Cremer [1932] explains that 
we can deduce the development of polarization from this curve assuming 
that the rheobasic current only stimulates when the final value of polari- 
zation has been reached. We know from direct experiments [Bogue and 
Rosenberg, 19344] that this assumption is sufficiently precise. We can — 
conclude, therefore, that a current of double the rheobasic strength 
stimulates at the moment when the rheobasic current attains just half 
the maximum of its polarization (this has been experimentally backed 
by Schmitz and Schaefer [1934]); a higher multiple of the rheobase 
(e.g. 10x) will be effective at the moment when the current produces 
the corresponding fraction (e.g. 1/10) of its maximum polarization. Con- 
sequently we can calculate the rise of the polarization from the ratio 
rheobase/threshold strength for a given duration of stimulus. This curve, 
calculated from observed data (for rectangular shocks), can be compared 
with the theoretical curve derived by Cremer for the development of 
polarization by a constant current. In contrast A. V. Hill [1935] pro- 
ceeded from the form of the actual rise of the electrotonic potential at 
the stimulating pole and calculated the shape and size of the strength- 
duration curve for constant pulses and condenser discharges. The latter 
coincided with the figures observed on frog’s sciatics. _ 

_Hill’s conception, which is directly based on the alteration of the 
applied current by the nerve capacity, leads to the conclusion that a 
definite minimum quantity of electricity is needed for excitation—a con- 
clusion which has already been drawn by Cremer [1929] from theoretical 
considerations and experimental results. Gildemeister [1927, 1928, 
1929] supported this opinion by mathematical investigations which were 
founded on the assumption that the first action of the current was to 
charge electric double layers at the interfaces of the tissue. From 
measurements of the polarization capacity and the excitability of the 
nerve by means of alternating currents of various frequencies Lullies 
[1929] concluded that excitation occurred when this capacity was charged 
by a certain quantity of electricity. Lapicque [1926] summarized his 
different experiences into an empirical formula describing the course of 
the strength-duration curve ” which the “true” chronaxie should be 

4—2 


4 
i 
a 
4 
a 
q 
a 


ROSENBERG. 


situated. In very exact experiments with rectangular shocks which were 
not distorted by physical properties of the circuit, Rushton [1932] 
proved Lapicque’s formula to be invalid for the frog’s sciatic at medium 
and low temperatures; he continued the curve downward, however, to 
only about 50jsec., since the accuracy of mechanically interrupted 
currents is doubtful when the duration is short. This is borne out by 
Weiss and Gildemeister [1909] who have followed the curve down- 
ward to about 13sec. Consequently their results in the lowest range 
are not very regular, but apparently point to a constant minimum 
quantity. Sakamoto, working with Gildemeister [1931], confirmed 
on single m@tor fibres of the frog’s sciatic with exactly measured rect- 
angular shocks that according to Weiss’s law the quantity curve was 
a straight line from 25sec. to several msec. when only one fibre was 
stimulated ; if several fibres were affected the curve showed a kink which 
might erroneously suggest a deviation toward zero. 
For shorter durations it seems preferable to. use condenser discharges, 
since we can compare the quantities applied to the nerve just in the 
disputed region. For Hermann [1909] showed by physically unobjec- 
tionable experiments that the frog’s sciatic utilized almost equal quan- 
tities when condenser discharges of different discharge times (and suitable 
voltages) were interrupted after 100usec. Audiat and Dubost [1933] 
observed the motor response to single condenser discharges downward to 
very short durations, and found for the frog’s nerve that the threshold 
quantity plotted against discharge time formed a plateau of slight slope 
to the abscissa between 1 and 100ysec., but that this plateau showed 
a distinct kink with the continuation of the curve toward the long dura- 
tions. Stimulating the frog’s sciatic by means of repetitive condenser 
discharges and taking a constant fraction of the maximum negative 
variation of the nerve itself as an indicator for a constant degree of 
- excitation; Scott [1934] and Hill [1935] ascertained that for very short 
times the quantity curve approached a constant minimum with con- 
siderable accuracy. The same result was obtained by Bugnard and Hill 
[1934, 1935] in the fin nerve of Sepia even for comparatively long dis- 
charge times, whereas in the leg nerve of Maia, Gerard [1934] did not 
reach complete constancy. 
The method of reading a constant electrical response of the nerve on 
a galvanometer scale permits of an exact and relatively rapid determina- 
tion of the reactivity of nerve without possible interference by the 
effector organ [Hill, 1934]. In order to replace the rhythmic stimula- 
tion by separate shocks the procedure has been adapted to single con- 


re 
Jz 
ae 
Wey 
\ 
3 
ral 
‘ 
im 
4 


STRENGTH-DURATION CURVE OF NERVES. 53 


denser discharges [Rosenberg, 1934a]. The present investigation has 
been extended to different types of nerves in various conditions with 
special regard to the theoretically important range of shortest durations. 
Some observations on non-medullated nerves have already been com- 
municated in brief [Rosenberg, 19345]. 


MEDULLATED NERVES. 
Methods. 


_ The rate of discharge of a condenser depends on its capacity C and 
the resistance & through which it is discharged, the discharge time to 1/e 
of the initial charge being RC. When for a certain voltage the discharge 
time of a condenser, or alternatively for a certain discharge time the , 
voltage, is increased step by step, and the height of the action potential 
of the stimulated nerve is measured and plotted against the discharge 
time, a curve is obtained which rises in an S form from the threshold to 
the maximum. This has been shown for repetitive discharges by Hill 
[1934@] and is found to be valid also for single discharges. Half the 
maximum was chosen as a suitable point for interpolation, since the 


middle of the curve is steep and almost linear. Usually several points 


of the curve were determined, but two readings, one above and one below 
half the maximum, were sufficient for calculating the desired value which 


almost coincided with the directly measured value for half the maximum. 


From these figures a strength-duration curve was obtained based on the 


activity of half of all the fibres concerned in the maximum deflection. 


The result is a mean curve for the set. of quick fibres in the nerve trunk. 
Only when the intensity of long stimuli is considerably increased above 
the strength for the first maximum does the action potential of medul- 
lated nerves again begin to increase. It has not yet been possible to 
decide whether this new rise is due to another set of (slow) fibres or to 
repetitive response, since the nerve was quickly damaged by such strong 
currents. In non-medullated nerves, especially in Mata nerves, the 
stimuli which initiated the second rise were not very different in strength 


and duration from those which produced the first maximum; a distinct 


maximum, therefore, may even be impossible to determine. During an 
experiment the maximum was checked by test stimuli, likewise at the 
end several observations were again checked. The direction of the stimuli 
was regularly reversed in order to avoid a permanent internal polariza- 
tion, The readings, however, were generally taken for descending dis- 


charges only. 
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_ The circuit was the same as described by Hill [19346], but the 
commutator was replaced by a Morse key (ACBi in Fig. 1), the permanent 
contact at C being secured by a soldered wire. 1,, 7, and r, were Dubilier 
resistances, , changeable according to the necessary discharge time 
(100-500w for the lowest range), 7,+71, fixed (about 4000w). The con- 
denser box was exactly calibrated by a bridge method at low frequencies, 
the capacities of 0-001-0-01 uF were recalibrated by a heterodyne wave- 
meter (Sullivan) for higher frequencies (corresponding to the shortest 
discharge times) and were found in close agreement with the former 


Fig. 1. Stimulating circuit. ACB, Morse key. +13, series 
resistance to nerve NV; H,H,, leading to, H,H,, leading off electrodes. 


measurement (except the smallest capacity which, therefore, was re- 
placed). Generally the use of a very small total capacity was avoided. 
The electrodes EF were large calomel half-cells (mercury surface of each 
2-5-3 cm., resistance of a pair less than 2000w). No polarization of 
these electrodes could be detected for the duration and strength of the 
applied currents. 

The capacity and inductance of the stimulating circuit was measured 
by the same wavemeter for different frequencies [see Hill, 19346]. The 
inductance was 2H, or including a capacity of 0-01uF from the con- 
denser box 3-5 .H. The capacity of the circuit was 64.F, without appre- 
ciable alteration by addition of the electrodes. In order to guarantee an 
exponential discharge the resistance R of the circuit must be at least 
36 L/RC [Hill, 19346), ¢.e. for the most unfavourable condition when 
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L=3-5pH and RC=10- sec., R must be at least 126w. The capacity 
required when R=126w and RC=10- sec. is 0-008uF, which is great — 
in comparison with the capacity of the circuit. At the necessary high 
voltage no sparking was ever observed. 

The nerve was placed in a moist paraffin chamber upon the edges of 
four moistened filter paper strips (of about 0-5 mm. breadth) connected 
to the non-polarizable electrodes through short wide channels filled with 
Ringer’s solution. The distances between the strips were: #,E, 10 or 13 
or 15mm., 32 mm., 15 or 13mm. The chamber with the 
electrodes stood on narrow pieces of wood in a double-walled tin box, 
the temperature of which was regulated by running water. After the 
experiment the temperature was checked by putting a thermometer in 
a hole of the paraffin block of the chamber which was kept at the desired 
temperature for 1 hour before the experiment started. 

The single-action potentials were ballistjcally recorded by means of 
a Downing moving magnet galvanometer, the screw for the air damping 
being removed. The period was adjusted to 2-8 sec.; the total p.c. re- 
sistance of the four coils was 28,200w, the ballistic sensitivity to the 
discharge of 1-7 x 10-* coulomb direct into the galvanometer was 244mm., 
i.e. 7x 10-12 coulomb per mm. at about 3.m. scale distance. The spot 
was steady to within about 0-5 mm., when rough mechanical disturbances 
were absent. The galvanometer was not earthed. Electrical interferences 
from the stimulating circuit were prevented by earthing the lead to 
electrode #, (Fig. 1). When no condenser capacity was in the circuit, the 
highest voltage (96 V) caused no deflection of the galvanometer when 
the Morse key was pressed; nor did any deflection occur when, after 
application of a maximum stimulus, the Morse key returned to the 
charging position. The absence of a spread of the stimulus to electrode E, 

was checked by applying isotonic KCl solution to the nerve between 
Bs and F, after the experiment. 

The resistance of nerve plus electrodes to subthreshold condenser 
discharges was measured ballistically by placing two resistances of 1000w 
each in the circuit, the one across, the other in series with the nerve. 
These resistances served alternatively as shunt resistances for the galvano- 
meter. The fractions of the quantity passing through both ways are 
inversely proportional to the resistances of the lines, the cross-resistance 
being known. With the knowledge of all the paral resistances the total 
discharge resistance R can be calculated. 

Sciatic nerves from large Hungarian frogs, sciatic and ulnar nerves 
from cats and sciatic and phrenic nerves from dogs were used. After 
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splitting the outer sheath of the trunk medium-sized branches of the 
mammalian sciatic and ulnar without visible twigs were isolated. The 
phrenic was carefully freed from the epicardial fat and connective tissue. 
The mammalian nerves were generally dissected about 1 hour after death 
(shooting or bleeding) of the animal, since according to Forbes and 
Ray [1923] the nerves appeared to be more durable at this time than 
immediately after death. Perhaps the gradual cooling in the body pre- 
serves the nerves better than a sudden temperature change which other- 
wise cannot be avoided since the isolated mammalian nerves quickly 
deteriorate at 37°C. in spite of oxygen supply, whereas they remain 
active for hours at about 20° C. Ringer’s solution and the moist chamber 
were also oxygenated when frog’s nerves at 33° C. were examined. After 
the dissection the nerves were kept in Ringer’s solution for 4—1 hour at 
the temperature of the actual experiment, The injury was inflicted by 
severe crushing and immersing the crushed end for 1 min. into isotonic 
* KCl solution. Generally the peripheral end was injured, but in a series 
of experiments with the frog’s sciatics the central end was killed and the 
branchless peripheral end was stimulated—without any appreciable 
difference in the results. The cross-section was 10-15 mm. distant from 
electrode H, (the anode of the stimulating current) in order to escape 
the influence of the injury current upon the excitability. 
: A given discharge time can be made up, either by a low R and a 
high C or a high R and a low C. The reliability of the method was tested 


by finding, for a given voltage, the value of RC necessary for excitation, — | 


(a) when R was large and (b) when R was small. For example: 


40v.,R=92 and 2844w, RCO= 24-3 and 24-7 usec. 
40v.,R=92 and 1915w, RO= 21-land 20-8ysec. 
1-0 v., R=91-7 and 7410w, RC=106-3 and 105-9 usec. 


The agreement is not always so good, but the difference scarcely exceeds 
2p.c., even when the action potentials are rather small as in the 
following experiment on the cat’s ulnar: 
1-0 v., resistance of nerve circuit 23650w. 

_ (a) Parallel resistance =92w, 

R=91-6w, C=0-5155uF, RC=47-2 usec. 

(b) Parallel resistance = 9950., | 

R=7010w, C=0-00659uF, RC =46-2 psec. 
The calculated quantities passed through the nerve are: 
(a) 1998x10-* coulomb, (6) 1-951 x 10-* coulomb; 
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which are nearly enough identical. The differences are not in favour of 
either combination of resistance and capacity. These observationsconfirm — 
that the results are not vitiated by inductance or capacity of the circuit. 
The consistency of the results during the experiments with mam- 
malian nerves is shown by the following example (Table 1). 
Cat’s sciatic branch at 21-2° C., diameter of the nerve on filter paper 
edges about 1-3 mm. Maximum deflection 24 mm. 


Taste I, 
RC in 10~ sec. for semi-maximal response 
4 Up Down Mean 
96-0 0-626 0-639 
64-0 1-010 0-902 0-956 
48-0 1-304 1-200 1-262 
32-0 1-896 1-868 1-882 
16-0 3-875 374 3-808 
8-00 7-84 7-58 771 
4-00 16-84 16-84 16-84 
2-00 38-85 39-1 38-98 
1-00 106-2 108 107-1 
0-70 198 185 192 
0-50 402 368 385 
700. 692 696 
0-30 4055 3525 3790 
0-25 10240 10200 10220 
The experiments were made during the months April—July 1934. — 
Results. 


The maximum deflection observed in this way was about 30 mm. in 
frog’s nerves; in mammalian nerves it was usually smaller, sometimes, 
however, considerably larger. The voltages and discharge times which 
corresponded to semi-maximal responses were plotted on a double loga- 
rithmic scale as Rushton [1931] proposed. The minimum of quantity 
and of energy can be read from the same curve, since at the minimum 
of quantity the tangent has a slope of 1:1 and at the minimum of energy 
a slope of 1:2 when V is plotted vertically against RC horizontally, both 
axes having the same scale. Along these tangents quantity and energy 
respectively are constant. This mode of plotting is most precise, particu- 
larly in the region of the shortest durations, and affords a survey over a 
wide range of the time scale (in the present curves more than 10,000 fold). 

The strength-duration curves of the various nerves have the same 
general features, although they differ in detail. Average curves from 
observations on 4-5 nerves of each type are given in Fig. 2. Curve I 
was obtained from dog’s phrenics; curve II from mixed leg nerves of 
cats, both at about 21° C.; curves III and IV concern frog’s sciatics at 
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15 and 33° C. respectively. The results in the individual experiments with 
the phrenic as a pure motor nerve of a quite uniform fibre diameter 
[Gasser and Erlanger, 1927] were very similar, whereas in the other 
~ nerves some of the individual curves were scattered more or less around 
the mean curve. Nevertheless the significant behaviour of the various 


nerves is preserved. 


10 | 100 1000 10000 

Fig. 2. Strength-duration curves (bilogarithmical plotting). 1, dog’s phrenic at 21°C.; 
II, cat’s sciatic and ulnar at 21°C.; III, frog’s sciatic at 15° C.; IV, frog’s sciatic 
at 33°C. 


_ The position of the curve from the frog’s sciatic is typically altered 
by high temperature. The curve starts at a shorter duration and ends at 
a higher voltage at 33°C. (curve IV) than at 15°C. (curve III). The 
curves cross, or in other words the hot nerve is more sensitive to short 
discharges and less sensitive to long discharges. The minimum of energy 
(as indicated by arrows) is situated in the heated nerve at about 100, in 
the normal nerve at about 180psec. The opposite change, é.e. increase 
of chronaxie and decrease of rheobase, occurs in cooled nerves [Hou, 
1931]. On the mixed nerves of the cat the discharge time for minimum 
energy is 170pysec. at 21° C., .e. almost the same as in frog’s sciatic at 
15° C., whereas this time is nearly double (330 usec.) in the dog’s phrenic. 
This surprising fact presumably depends on the differences of the fibre 


size in these nerves: the majority of the motor fibres in the frog’s sciatic ~ 
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have a diameter from 13 to 16, whereas in the dog’s phrenic most of 
the fibres have only 7-9. diameter; according to Lapicque [1927] the 
+» chronaxie of the motor fibres is roughly in inverse proportion to their 
_ diameter. (Since the thick motor fibres are the most excitable part of 
the sciatic trunk its curve is probably chiefly due to their action.) 

In the present curves the discharge times were not long enough to 
reach the rheobase. Possibly new fibres of long time relation gradually 
| come into action when the duration is considerably extended. It is not 
~ possible, therefore, to infer the chronaxie from these curves. It can be 
geen, however, that the discharge time for double the rheobase would 

be longer than the “characteristic time” where the energy has a mini- 
| mum [see Hill, 1935]. Actually this minimum is a point on a region 

_ where the curve is by no means straight, i.e. the curve there has no 
{ constant minimum (in contrast to Nernst’s law). Consequently the 


point of minimum energy is a time factor which can be determined even 
when the rheobase is not known. 

| Toward the short durations where the quickest fibres of the trunk 
| | are exclusively concerned the points observed lie almost on straight lines 
having the following lengths in the four curves: 


Dog’s phrenic «+ From 0-44 to 12-Oysec. 
Cat’sulnarand sciatic _... 0-72 41 
Frog’s sciatic at 15°C. 1:14 86-4 
Frog’s sciatic at 33°C. _—si.... 0-84 3:0 


That is to say, the longest straight line belongs to the almost homo- 
geneous phrenic nerve, the shortest to the heated frog’s nerve. All the 
straight lines approximate a slope of 1:1 with considerable exactitude. 
Hence the quantity of electricity required for constant excitation reaches 
@ constant minimum along these parts of the curves. It is impossible to 
attribute these results to any errors due to physical factors of the circuit, 
since the range of durations for equal quantity differs for the various 
nerves in this typical manner. 

In order to confirm this last result further experiments were made 
on sciatics of frog, cat and dog at 22-23° C. For a fine gradation of the 
low capacities a large air condenser (up to 1000 .pF) was used in addition 
to the condenser box. The most accurate results were obtained from a 
thin (purely motor?) branch of the sciatic of a young cat. The nerve was 

| dissected immediately after shooting the animal, soaked in oxygenated 


Ringer’ s solution and injured at the central end 40 min. after death; 
20 min. later the injury potential of about 20 mV. was fairly constant 
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- and the maximum deflection was 63 mm., permitting of a perfect reading. 
The figures for the short durations are reproduced in Tab Il onpeeent 
of July 3, 1934). 


Taste Il. 
RC 5 
V sec. 10-* coulomb ergs 
96-0 0-638 1-292 621 
64-0 0-950 1-282 411 
48-0 1-262 1-279} Mean 1-293 | 307 
32-0 1-960 1-321 212 
16-0 3-820 1-290 103 
8-00 7-960 1-342 53-7 
4-00 17-44 1-472 29-5 
2-00 42:25 1-783 17:8 


There is an excellent constancy of the quantity for discharge times 
from 3-82 to 0-638 usec., whereas the energy simultaneously rises sixfold 
(about 1/450 only of the calculated quantity actually passed through the 
nerve, #.e. the minimum quantity was 2-9 x 10-* coulomb and the maxi- 
mum energy 1-4 erg). In the other experiments the figures for the 


quantity at shortest durations were scattered close to both sides of a — 


straight line parallel to the abscissa, when quantity was plotted vertically 
against time horizontally. For instance, in the frog’s sciatic the quan- 
tities for discharge times from 7-51 to 0-653 usec. varied as far as + 4-1 
and —3-4 p.c. around the mean value—the greatest positive deviation 
belonging to the shortest time. The curves of cat’s and frog’s sciatics 
were almost identical along the whole course (at the same temperature). 
In the dog’s sciatic the results were similar, but showed greater fluctua- 
tions because the action potentials were too small to allow of a suffi- 
ciently precise reading. No progressive decrease of the quantity at the 
shortest times was ever observed. 

When we suddenly apply a constant voltage of subthreshold strength 
to a nerve through a series resistance which is low compared with the 
nerve resistance, we can record the intensity of the current by means 
of an amplifier and oscillograph [Rosenberg, 1932]. The current rises 
in an extremely short time—the rise, therefore, is not drawn in the 
diagram (Fig. 3) where the curve starts at its maximum at zero time; it 
drops at first rapidly and then gradually approaches a constant level 
which amounts to about 60 p.c. of the absolute value of the initial spike. 
This curve, observed also by Bishop [1928] and Lullies [1931], is not 
quite exponential, but sufficiently similar to the course of current when 
charging a condenser with a leak. Whatever the special reasons for this 
phenomenon may be [see Gildemeister, 1928], it is connected with an 
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increase of the apparent nerve resistance during the flow of the current. 
Hence when rectangular shocks of threshold potential are applied to a 
nerve for increasing long durations the quantities traversing the nerve 


do by no means increase in proportion to the product of voltage and 


duration, but remain far behind this ratio [Lullies, 1931]. It was, 
therefore, to be expected that in the case of condenser discharges too 
the fraction of quantity which passed through the nerve circuit would 
diminish when the discharge times were prolonged. __ | 


a 


0 Of 0°5 1:0 15 msec. 


Fig. 3. Initial spike of subthreshold current through the frog’s sciatic. Mean curve from 
oscillograph records. The rise is not reproduced, the curve starts at its maximum. 
The final current is about 60 p.c. of the initial intensity. Electrode distances 4 or 
10 mm.; applied potentials, measured on the nerve, 25-50 mV. Temp. 18° C. 


In order to measure the quantities actually traversing the nerve under 
approximately the same conditions as in the stimulation of the cat’s 
nerve, non-inductive resistances of comparatively low order were inserted 
in parallel and in series to the nerve as suitable shunts for the galvano- 
meter (thus avoiding any influence of the inductance and capacity of 
the galvanometer on the time constants of the circuit). At the same 
voltages for similar discharge times the fractions of quantity passing 
either through the nerve circuit or through the resistance parallel to it 
were compared. Between 0:6 and 63sec. the fraction taken up by the 
nerve is unaltered within the limits of error (Table III). In the circum- 
stances of this experiment on the average 0-594 p.c. of the quantity 
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traversing the parallel resistance passes through the nerve circuit, the 
greatest deviations being +0-7 and —1:3 p.c. of the mean value. An 
increase of 5 p.c. in the nerve resistance during the whole discharge 
_ would lower the:share of the nerve circuit to 0-568 p.c. 


III. ~ 
RC vc Nerve 
V sec. coulomb p.c. 

96-0 0-597 0-420 0-590 
64-0 1-287 0-590 
48-0 1-883 0-662 0-597 
32-0 4-00 0-637 0-601 
16-0 7-78 0-912 0-697 
8-00 17-08 1-000 0-592 
4-00 31-55 0-924 0-596 
2-00 62-8 0-920 0-592. 


Mean: 0-594 p.c. of the quantity traversing the parallel resistance. 


Independent, therefore, of the actual shape of these quickest dis- 
charges in their passage, equal quantities are delivered to the nerve. 
Since above the limit of several psec. the quantity required for excitation 
is already increased with the discharge time, although the same fraction 
of quantity still traverses the nerve, the conclusion is consistent that 
below this limit nearly the whole quantity of the discharge is stored by 
the nerve capacity without loss. At any rate the differences in the 
utilization of the discharges below the limit must be extremely small, 
1.e. the approximation to a true minimum is at least very close. 


NoN-MEDULLATED NERVES. 


After the existence of a minimum quantity for excitation was con- 
_ firmed on widely different medullated nerves, the investigation had to 
be completed on non-medullated nerves, since first of all his results on 
such organs of a slow time factor were the basis for La picque’s general 
formulation. The experiments, therefore, were continued on nerves of 
Maia and Sepia in Plymouth from August to October 1934 (at room 
temperatures between 15 and 22° C.). 


Methods. 


The general procedure could be transferred to these nerves without 
difficulty, since the deflections for responses to single stimuli were con- 
siderably greater in Maia and even in Sepia nerves than in frog’s nerves 
(maximum deflections up to 200 mm. for Maia and 50 mm. for Sepia). 
The whole arrangement was identical, but another moving-magnet 
galvanometer was used. The transporting and setting-up of the instru- 
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ment was made safe and easy by* means of a clamping device recently 
constructed by A. C. Downing [1934]. The mica damping plate of the 
system, however, had become detached and this resulted in a shorter 
period and a higher sensitivity. The p.c. coil resistance of 14,800w was 
quite sufficient in view of the low resistance of the tissues of marine 
creatures. At first the sensitivity was 365 mm. to a direct discharge of 
1:2 x 10-* coulomb, 1.¢. 3-3 x 10-2 coulomb per mm. at 3-5 m. scale dis- 
tance; the period was 1-8sec. Since this sensitivity was too high for 
convenient reading it was reduced to 4-8 x 10-12 coulomb per mm. with 
a period of 1-06 sec. The zero point was quite stable and the spot was — 
steady within 0-5 mm. in calm weather; on very windy “ it was 
impossible to take a reliable reading. 

The nerve of the first or second walking leg of large specimens of Maia, 
preferably male, was dissected by Levin's [1927] method; stretching 
the nerve was avoided. In this respect there seemed to be no advantage 


_when the flexor muscle of the meropodite was removed by preparation 


instead of by drawing out. During dissection the nerve was covered with 
sea water. The nerve was tied at both ends in order to prevent any 
leakage of potassium chloride [Cowan, 1934] and soaked in aerated sea 
water for 1 hour. When the bundles are not freed from the connective 
tissue, the floating nerve is wavy; in a properly separated nerve the 
bundles run straight. For the usual experiments it is not necessary to 
clean the nerve absolutely from the adhering tissue; it may be important 
for special purposes (e.g. measurements of nerve resistance). During ~ 
August excitability was maintained excellently in spite of the prevailing 
heat; it diminished during September, and finally the bad condition of 
the nerves prevented a continuation of the work. The isolated claw nerve 
of Homarus was not suitable for these experiments because it deteriorated 
too quickly. 

Since in Maia nerve the majority of the fibres is not secdaaae non- 
medullated and a number of thick fibres (10-20) is furnished even with 
a marked myelin sheath [Lullies, 1933], following the kind advice of 
Mr J. Z. Young the fin nerve of Sepia, which consists of strictly non- 
medullated axons [Young, 1934] was also investigated. After killing 
by cutting off the head the mantle was slit along the middle line and 
the ink bladder was tied up. The nerve was isolated from its central end 
(including the mantle connective) to the peripheral end of the longest 
bundles to the fin, the branches to and from the stellate ganglion and 
the other bundles being cut. The length ofighe preparation was about 
7 cm.; it was tied at both ends and soaked in oxygenated sea water for 
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}~1 hour. The isolated fin nerve was not very durable, although oxygen 


was bubbled through the moist chamber; presumably the tight texture 
of the thick mantle connective prevents a sufficient oxygen supply. The 
branchless mantle connective was stimulated and the peripheral part 
was led off. 

As previously mentioned, there is often some difficulty in obtaining 
@ distinct maximum in the responses of these nerves. Moreover, espe- 


cially in Maia nerves, the maximum deflection diminished during an 


experiment, whereas simultaneously the response to the originally semi- 
maximal stimulus even increased. This phenomenon is probably due to 
the fact that in maximal stimulation a number of thinner almost non- 
medullated fibres is concerned which are less apt to survive than the 
thicker myelinated fibres; these, however, corresponding to their high 
excitability, produce the response to the comparatively weak semi- 
maximal stimulus. The evaluation of the response during the experiment, 
therefore, was related to the response to a fixed test stimulus, which was 
approximately semi-maximal at the beginning of the experiment. 

Non-medullated nerves require longer stimuli at low voltages as well 
as higher potentials for stimulation at short durations than do medullated 
nerves. Up to 240 v. were needed in order to obtain effective quick 
discharges. In these circumstances it is difficult to avoid any escape from 
the stimulating circuit into the galvanometer, especially since the nerve 
resistance is relatively small. Perfect insulation is necessary in order to 
prevent stray current. Suitable earthing protects the galvanometer from 
static charges. In a series of experiments on Maia nerves the distance 
between leading to and leading off electrodes was extended to about 
40mm. Controls were made after nearly every experiment. Up to 120 v v. 
the arrangement was always sufficiently safe. 


Results. 


Mean curves from some experiments at similar temperatures (20-3° C. 
for Maia,:17-4°C. for Sepia) were plotted in the described manner 
(Fig. 4). The Maia curve forms a straight line of a slope 1:1 between 
12-9pusec. at 220-v. and 47-Bysec. at 60 v.; even to 99-2usec. at 30 v. 
the curve is an almost straight continuation of the first part. The Sepia 
curve is transposed to longer durations as compared with the Maia curve 
at the same voltages, the straight part of the same slope extending from 
27: “1 psec. at 240 v. to 110 usec. at 50 v. (and even to about 200 usec. at 
30 v. in individual observations). In principle this result is identical with 
that obtained in medullated nerves. 
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are summarized in Table IV (the figures for Maia are not contained in 


the mean curve). 

The consistency of the quantities is sidelines: From the nerve and 
shunt resistances used in these experiments it can be calculated that the 
minimum quantity required by the nerve for semi-maximal response is 


Vi. | ] 
“sec. 10° 1 
—> Log RC 
Fig. 4. Strength-duration curves of the leg nerve of Maia (M) at 20°C. and of the fin 
nerve of Sepia (8) at 17° C. 
IV. 
Maia, 16, 1934 Maia, 1934 Sepia, Sept 1934 
22-5° C. 
RO vo RO vo. 
V 10-* sec. 10-*coulomb 10-*sec. 10-*coulomb 10~*sec. 10-* coulomb 
240-0 12-20 1:77 10-36 1-46 24-20 2-65 
180-0 16°35 179} 1-78 13-40 1-42 1-44 33-25 2-73 2-67 
120-0 24-50 1-79 20-20 1-43 48-80 2-67 
60-0 50-53 1-85 41-50 1-46 96-60 2-64 


2-3 x 10-7 coulomb in Maia nerve and 7:5 x 10-’? coulomb in Sepia nerve, 
i.e. 100 times greater in Maia nerve and 300 times greater in Sepia nerve 
than in medullated nerves at the same temperature. (The quantity for 
threshold response is about one-half that for the semi-maximal response 
in nerves of frog and Sepia, one-quarter to one-third in Maia nerves.) 
Consequently the myelin sheath improves the economy but does not 
influence the manner of utilizing the electricity applied. In other terms: 

the myelin sheath promotes the development of pen. According 
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to Lullies [1927] the non-medullated nerve is 20-50 times less polari- 
zable than the medullated nerve. (For the comparison of the absolute 
values of the quantities it must be noted that not only the diameter and 
inversely the density of the current vary, but also the non-polarizable 
fluid shunt and inversely the effective fraction of the total quantity differ 
in various types of nerves.) | 
The two curves are different in shape, the Sepia curve tending toward 
a rheobase 4-5 times higher than that of the Maia curve. The rheobase 
is approximafély reached at discharge times of more than 0-5 sec., being 
2-1 v. for the Sepia and 0-47 v. for the Maia nerves; for constant current, 
however, the rheobase is about 20 p.c. lower. In these non-medullated 
nerves the determination of the true rheobase is difficult. According to 
Jasper and Monnier [1933] the crustacean nerve gives repetitive re- 
sponses if the strength of the direct current is slightly higher than the 
_ rheobase, é.c. the current producing a single minimum response. But 
even when no repetitive response occurs in the quick fibres, a constant 
current of sufficient duration apparently stimulates slow fibres, .gene- 
rating a second elongated wave in Sepia as well as in Maia nerves 
[Bogue and Rosenberg, 19345]. Hence the chronaxie is also uncertain, 
whereas the discharge time for the minimum energy can be measured 
with comparatiyely short discharges independently of the rheobase. 


Corresponding to the different curvature this characteristic time is in 


these curves about 1-4 msec. for Sepia and about 10-0 msec. for Maia 
nerves. Neither curve suggested the existence of a constant minimum 
of energy. With repetitive stimulation Bugnard and Hill [1935] ob- 
served a characteristic time of about 3 msec. in the fin nerve of Sepia 
for semi-maximal responses at about 20°C. According to Monnier and 
Dubuisson [1931] in the American crab Callinectes Sapidus the chron- 
axie determined by means of condenser discharges for the quick muscle 
twitch was only 0-6-0-8 msec. at 22-23°C., the rheobase being only 
0-08-0:1 v.—thus the species are presumably not comparable. 

In frog’s nerves Cardot [1914] found the chronaxie to increase (from 
100 to 150 p.c.) and the rheobasic voltage to decrease (from 100 to 
25 p.c.) when the distance between the electrodes was increased from 
2 to 12mm. The actual voltage at the nerve itself, however, is fairly 
constant, whereas the threshold current diminishes considerably [Rosen- 
berg and Riihl, 1923], but not proportionally to the distance, since the 
relation between interpolar length and resistance of the frog’s nerve is 
not linear [Rosenberg and Schnauder, 1923]. Rushton [1934] ex- 
plained these phenomena by the peculiarities of current distribution in 
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medullated nerves. Since the absence of the myelin sheath was expected 
to alter these conditions the influence of the electrode distance upon the 
strength-duration curve was tested on the Maia nerve. The distances 
varied between 2-5 and 18 mm. The observed changes of the shape were 
rather small: the curves usually started side by side at short durations 
and diverged only gradually toward the rheobase. Table V shows an | 
example (October 14, 1934, 16°C.; note the diminished excitability © 
during that season). pe 


Tasrz LV. 
3 mm. 15-5 mm, 
vc* Vi 
V sec 10~* coulomb 10~* sec coulomb 
240-0 36-2 0-993 37-4 0-784 
120-0 72-4 0-991 73-5 0-770 
141-7 0-971 148-1 0-776 
297-4 1-025 314-4 0-824 
15-0 1-113 740-0 0-969 
7-50 1690 1-447 1898 1-242 
4-00 4860 2-224 5145 1-796 
2-00 13600 3-112 13810 2-413 
1-00 67500 7-720 
0-70 266700 21-350 188400 11-515 
0-60 
* Through nerve. 


It appears that both the strength-duration curves run parallel at 
short durations, the curve for 15-5 mm. being slightly behind the curve 
for 3mm., toward the rheobase the curves cross, the rheobase for con- 
stant current being scarcely 10 p.c. smaller with distant than with near 
electrodes. From the contact points of the tangent of slope 1:2 and from 
the extrapolated condenser rheobases the following time factors are 
evolved: 


Distance 3 mm. 15-5 mm. 
Minimum of energy 1-5 x 107? sec. 2-0 x 107? sec. 
Chronaxie 1-5 x 107? sec. 1-9 x 107? sec. 


The differences are considerably smaller than those in the frog’s nerve, 
but similar to those observed in the fin nerve of Sepia [Bugnard and 
Hill, 1935]. From the resistances determined by means of subliminal 
condenser discharges of about 0-45 msec. discharge time, the quantities 
were calculated passing through the nerve itself at distances 3 and 
15-5 mm, respectively (see Table V). Now it is obvious that the nerve 
requires a smaller quantity with distant than with close electrodes over 
the whole range of times and voltages, the differences increasing from 


—21 p.c. for the shortest to —46 p.c. for the longest durations.. From 
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this point of view the excitability is raised when the distance is extended 


in spite of the increase of the characteristic time and chronaxie. It is 
evident, therefore, that in scientific work the survey of the complete 


curve is preferable to the selection of any single point of the curve when 
a sufficient signification of the state of excitability is desired. 


SUMMARY. 

1. Strength-duration curves of medullated amphibian and mam- 
malian nerves, and of non-medullated nerves of invertebrates, were 
recorded for finite responses of the nerves themselves stimulated by 
single-condenser discharges. Ballistic deflections of a moving-magnet 
galvanometer, produced by single-action currents, were used as index 
of oo and yielded results of great exactitude. 

. Below a certain discharge time, varying in different types of nerves 

an under different conditions, the minimum quantity of electricity re- 
quired for excitation is constant. This quantity is of the order of 10-° 
coulomb in. medullated nerves (sciatic, ulnar and phrenic of frog, cat 
and dog) and of 10-7 to 10-* coulomb in non-medullated nerves (leg 
nerve of Maia and fin nerve of Sepia). 
3. The minimum of énergy (a well-defined point on the curve, in 
bilogarithmic plotting, which can be determined without a knowledge 
_ of the rheobase) is about the same for frog’s and cat’s sciatics at the 
same temperature, but twice as. great in the dog’s phrenic where the 
fibre diameter is smaller. In Sepia nerve this time is about 1-4 msec., 
in Maia nerve about 10 msec. These values concern electrode distances 
of 10-15 mm. 

4, When the electrode divine is diminished from 15 to 3 mm. in 
non-medullated nerves, the characteristic time, as well as the chronaxie, 
decrease by about 25 p.c. The minimum quantity is distinctly greater 
for short than for long distances, and the difference increases with 
increase of discharge time. 


I am greatly indebted to Prof. A. V. Hill for his kind hospitality and permanent 
interest; also to Mr J. L. Parkinson and Mr A. C. Downing for their willing help. My 
sincere thanks are also due to Dr E. J. Allen, Director of the Marine Biological 
at Plymouth, and to his Staff for the ready facilitation and support of this work. 
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MORTALITY OF ADRENALECTOMIZED YOUNG RATS, 
WITH IMPROVED TECHNIQUE OF OPERATION, 
AND AFTER A PERIOD OF TREATMENT | 
WITH CORTICAL HORMONE. 


By POUL SCHULTZER. 
(From the Biological Laboratory, Medicinalco, Lid., Copenhagen.) 


(Received January 21, 1935.) 


Wane active extracts of the adrenal cortex became available the 
mortality of young rats after adrenalectomy acquired a new interest. 
Experimental studies on this point have been carried out especially by 
American investigators. The earlier studies were carried out on cats and 
dogs, but for obvious reasons the employment of smaller experimental 
animals is preferable. In experiments with young rats, however, various 
- authors have found the mortality to differ greatly. The literature on this 
point has been reviewed by Britton [1930] and by Gaunt [1933]. Most 
of the authors give a mortality of 80 p.c. or less, while a smaller group of 
investigators report a mortality of 100 p.c. [Pencharz, Olmsted and 
Giragossintz, 1930; Freed, Brownfield and Evans, 1931; Kutz, 
1931]. Opinions differ as to the reasons for this discrepancy in results. 
One view is represented by Freed and his collaborators who succeeded 
in raising the mortality from 75 to 100 p.c. by an improvement in opera- 
tive technique. Gaunt, on the other hand, maintains that in his experi- 
ments the survivors had true accessory cortical tissue which it had been 
impossible to remove at the operation. As to. the duration of survival, 


the findings also vary a good deal. This, however, may be due to the 


influence of diet, especially the amount of sodium chloride, as has been 


demonstrated recently by Gaunt and Gaunt [1934] in the case of the 
rat. 


We 
a0 
A= 
3 
> 
rh 
4 OS 
tere 
Ms 
5 
% 
7 
= 
4 
4 
ty 
a 
a 
‘ih 


MORTALITY OF ADRENALECTOMY. 71 


TECHNIQUE. 


Four series of experiments will be described all of which were carried — 
out on an inbred strain of white rats, originating from the State Vitamin 
Laboratory, Copenhagen. This particular strain has lived through the last 
fifteen generations under very uniform conditions, on Gudjénsson’s 
diet No. 4 for breeding animals, consisting of: 

Coconut oil (with 0-3 p.c. oil) 


On this diet the rats thrive and multiply at a satisfactory rate. It 
contains about 10 p.c. water and 0-4 p.c. sodium chloride. It was given 
also to the experimental animals; they had food and water ad libitum. 

The experiments were done on young rats, 4-5 weeks old, weighing 
about 50 g. Care was taken to see that all the animals weighed about the 
same when the experiment was begun; and they were all taken directly 
from the stock quarters to the experimental quarters. Ether was used 
for the anesthetic. Immediately after the operation the animals were 
placed in an incubator at 35° C. for } hour. After this, they were trans- 
ferred to a thermostatic room in which the temperature was kept at 
25+4° C., by electrical regulation. Each animal had its own separate 
wire cage—as is the case in vitamin tests. The animals were weighed every 
day, with an accuracy of 1 g. 


Serres I. ADRENALECTOMY IN ONE STAGE. 


Fifty-eight animals were operated on between June 7, 1933, and 
March 28, 1934. By means of rubber bands over the extremities, the 
animal was fastened to a sterilized operating table, back uppermost. The — 
lumbar region was painted with iodine, the hair having been cut pre- 
viously with scissors. An incision was made in the midline with scissors, 


2-8 em. in length, and the skin was pulled aside by automatic retractors. 


The operative field was marked out with sterile gauze. An incision was 
made with scissors, on the left side, parallel with the lowest rib, through 
the lumbar muscles. By pressing on the belly of the animal with a gauze- 
covered finger, the kidney was pushed out through the incision. The upper 
pole of the kidney was tilted upwards and the adrenal was removed by 
means of two pairs of forceps. To ensure getting the adrenal out whole and 
uninjured the gland itself was not sie with the forceps but only the 
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surrounding tissue. No appreciable hemorrhage thus occurred. The 
kidney was replaced and the muscular incision closed with a single 
catgut suture. The same operation was performed on the eT side. _— 
skin incision was closed with two — sutures. 
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Text-fig. 1. Incidence of death of fifty adrenalectomized young rats in Series I. Average 
duration of life 6-6 days. eS 


represent the percentage mortality. 


_ Of these fifty-eight operated animals, 
the operation, a mortality of 86 p.c.; the 
remaining eight survived, and were killed 
later on. 
The spontaneous deaths occurred after 


an average of 6-6 days. Text-fig. 1 shows — 


that the greatest number of deaths took 
place from 5 to 8 days after the operation, 
none after more than 12 days. The weight 
curve ran practically parallel with the 
axis of the abscisse (Text-fig. 2). At the 
operation the animals weighed on an 
average 54g.: the average weight at 
death was 53 g. 

After the operation the animals were 
less active than normal. There was a 
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Text-fig. 2. Weight curve of rat 154 9 


after bilateral adrenalectomy in one © 


distinct impairment of muscle power as judged from the reaction of 
the animal when it was held suspended by the skin of the nape of the 


neck. The animals showed no signs of pronounced illness, however, until 
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a few hours before death. They did not move about spontaneously, and 
they appeared to be cold. Diarrhoea has been described as a symptom 
in acute adrenal insufficiency in the rat, but this was not observed. 

Autopsy was performed on all the animals. None of them showed any 
infection to be ascribed directly to the operation, peritonitis or abscesses. 
There was almost complete absence of fat. No pneumonia, though 
frequently some congestion of the lungs, and no other gross changes in 
the organs which might be interpreted as a cause of death were found. 
Hemorrhages in the gastric mucosa, however, were almost a regular 
occurrence, a phenomenon of which I have given a preliminary account 
elsewhere. 


0. 5 | Te 15 20 25 Days 
Text-fig. 3. Weight curve of rat 171 ¢ after incomplete bilateral adrenalectomy in one 
stage. The animal was killed. Autopsy revealed the presence of adrenal cortex at the 
pole of the right kidney. | 
The surviving animals behaved quite differently; they could hardly 
be distinguished from normal young rats; they were lively and vigorous. 


_ At the operation they weighed on an average 49 g. After the operation 


they gained in weight even during the first days, two of them, it is true, 
very little at that time; but after the average period of 26 days the 
average gain in weight was 106 g., which comes very close to the normal 
weight corresponding to that age (Text-fig. 3). 

On autopsy a very careful search was made for the presence of 
cortical tissue. Whenever small bodies of tissue of the same yellowish 
colour and the same rather hard consistency were found they were dis- 
sected free, cut across and immersed in a 1 p.c. solution of silver nitrate. 
As demonstrated by Szent-Gy6rgyi [1928], adrenal cortex is blackened 
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rapidly and strongly by a weak solution of silver nitrate on account of its 
great content of ascorbic acid. I had ascertained beforehand that adrenal 
cortex might be differentiated in this way from other tissues present in 
the regions examined, in that it is blackened within a few seconds, or at 
any rate within 1 min., so I used this reaction without microscopical 
examination. The outcome was: seven of the eight surviving young rats 
showed smaller or larger bodies of tissue which from their appearance, 
consistency and reaction to silver nitrate solution were identified as 
adrenal cortex. In five cases the remnant of the adrenal was firmly 
attached to or united with the upper pole of one of the kidneys, although 


it had appeared at the operation as if the adrenals were removed com- | 


pletely. In the sixth case the remnant was found retroperitoneally, 2 mm. 
above the right kidney. In the seventh case the remnant was intimately 
fused with the capsule of the upper tip of the spleen, which was itself 
adherent to the abdominal wall. In this connection it may be mentioned 
that the upper tip of the spleen is normally very near the left adrenal. 


Series II. ADRENALECTOMY IN ONE STAGE, WITH IMPROVED 
TECHNIQUE. 


As the results in Series I suggested to me that some defect in the 
operative technique might be the reason why not all the young rats died, 
I modified it as follows. The incision through the skin was made as 
previously described (see Text-fig. 4). In order to reach the kidney more 
_ readily I used the upper tip of the spleen as a guide for the oblique 

incision through the lumbar muscles on the left side. On the right side 
the incision was made about 1 mm. more anteriorly. On both sides the 
incision was carried as close to the midline as possible, a point of con- 
siderable importance for easy access to the adrenal. As before, the kidney 
was readily brought forward through the incision (PI. I, fig. 1). Now the 
adrenal was displayed readily by means of two pairs of fine curved forceps; 
one was placed under the upper pole of the kidney from the side so as to 
tilt it up; with the other the pedicle of the adrenal was grasped so as not 
to touch the gland itself at all (Pl. I, fig. 2). Now the pedicle was crushed 
and torn with the medial forceps, and the adrenal was swung upwards 
(PI. 1, fig. 3) and then pulled caudally (PI. I, fig. 4), so that the adrenal and 
_ the kidney capsule were torn loose from the kidney. The kidney was thus 
decapsulated over an area corresponding to its upper third (or half). If 
any part of the capsule of this section of the kidney was left behind, it 
was removed carefully with forceps. 
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gauze is shown around the operative field. On the left side the upper part of the spleen 
is just visible through the lumbar muscles (guide for the incision through these 


muscles). 


Text-fig. 4. Skin incision for adrenalectomy. For the sake of ease of survey, no sterile 
Text-fig. 5. Incidence of death of 77 adrenalectomized young rats in Series II. Average 
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With this technique I operated on seventy-seven young rats during 
the period from March 31 to August 6, 1934. The post-operative care 
was the same as in Series I. 

Mortality. All seventy-seven rats died within 12 days of the operation, 
on an average after 5:7 days, most of them between the fourth and 
seventh day (Text-fig. 5). The thirty-eight males died on an average after 
_ 6°6 days; the thirty-nine females after 5-8 days, and all gave the same 
clinical picture as the animals of Series I which died. The average weight 


at the operation was 51 g., at death 51 g. At autopsy the er were 
as in Series I. 


Szrizs III. ApRENALECTOMY IN TWO STAGES, WITH IMPROVED 
TECHNIQUE. 
It has been claimed that whether the operation is performed in one 
stage or in two the outcome is the same. This might possibly not hold 
for the new technique. The operation itself is not generally regarded as 


0 15 20 Days 


Text-fig. 6. Weight curve of rat 4709. Adrenalectomy in two stages. 


dangerous and the technique employed by me did not seem likely to be 
more so than that employed by others. Nevertheless to make sure the 
operation was performed in two stages on eighteen young rats. In 
fifteen of them the right adrenal was removed in the first stage, in three 
the left. There was an interval of 12 days between the two operations. 
The result was clear-cut. Unilateral adrenalectomy had not the slightest 
effect and there was no change in the weight curve. When the other 
adrenal was removed growth ceased (Text-fig. 6), and the animal behaved 
and looked like those adrenalectomized in one stage. 
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All the animals died; none of them before the seventh day after the 
second operation; one lived 22 days; the average duration of life was 
11-2 days. At the first operation the average weight was 53 g., at the 
second, 12 days later, 88 g.; at death it was 81g. At autopsy findings 
were as in Series I and II. 

So when the adrenalectomy was performed in two stages the mor- 
tality was still 100 p.c. Yet these rats lived somewhat longer. It should 
be pointed out, however, that the animals in this series were not directly 
comparable, since they were considerably larger at the time of the second 
and decisive operation, with the average weight of 88 g. as against 51 g. 
in the other animals. 

That this difference in age and weight does affect the duration of life 


- was shown in five young rats, weighing on an average 83g. After 
. adrenalectomy they died in 9-15 days (av. 11-6). At death the average 


weight was 82 g. 


Serres IV. ADRENALECTOMIZED RATS TREATED WITH CORTICAL 
HORMONE FOR 21 Days. 


In young rats which after adrenalectomy have been treated with 
cortical hormone for some time it is common to find cortical structures. 
Whether these are true accessory adrenal glands or merely fragmentary 
remnants of the removed glands, the finding of them is to be explained 
in the same way. Cortical tissue, it is well known, has a marked tendency 
to compensatory hypertrophy [MacKay and MacKay, 1929; Carlson, 
1931], and this property is not lost even when the animal is kept alive by 
injection of cortical hormone. This point is illustrated very well in the 
experiments reported by Gaunt and Gaunt([1934]. Earlier experiments 
had shown Gaunt [1933] that with a certain operative technique he was 
able to obtain a mortality of 95 p.c. in a certain strain of rats. In their 
later experiments with the same strain of rats and the same operative 
technique they were able to reduce the mortality to about 50 p.c. by 
giving the animals injections of cortical hormone after the operation. 
Remnants of cortical tissue could be demonstrated in practically all the 
surviving animals. | 

_. The results I am now to present are not in agreement with the findings 
of Gaunt and Gaunt inasmuch as no evidence of the presence of cortical 
tissue could be demonstrated in twenty-seven adrenalectomized rats 
which were kept alive by injection of cortical hormone. 

These twenty-seven young rats were operated on between March 31 
and July 30, 1934, at the same time, that is, as the animals of Series II. 
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They were taken from the same litters, and, apart from the injection of 


cortical hormone, they were treated in exactly the same way as those in — 


@, Series IT. 

These twenty-seven animals were kept alive for 21 days after 
bilateral adrenalectomy by means of one daily subcutaneous injection 
of cortical hormone, beginning on the day after the operation. The 
period of 21 days is arbitrary; it is about four times as long as the 
controls lived. 
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Text-fig. 7. Weight curve of rat 313 ¢, treated for 21 days after adrenalectomy with a 
. daily injection of cortical hormone (1 c.c. of “ Ecortan”). 
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Text-fig. 8. Incidence of death of twenty-seven hormone-treated adrenalectomized 
young rats after discontinuance of injection of cortical hormone. 


Three preparations of cortical hormone (Swingle and Pfiffner) were 
used: one was a British product, “Eucortone” (Allen and Hanburys, 
Ltd.), one was American, “Eschatin” (Patke, Davis and Co.), and one 
was Danish, “Ecortan” (Medicinaleo, Ltd.). Most of the animals 


(twenty-one) were given 1 ¢.c. daily, four had 0-5 c.c. and two had 0-2 c.c. _ 


Neither the source of the preparation nor the size of dose made any 
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difference in the behaviour of the animals. As long as they received their 
daily injection they were more lively than the controls, and their 
muscular power was better. At the operation they weighed on an 
average 51 g. and their weight increased regularly after the operation ; 
that of the controls did not. It went up to an average of 64g. in the 
21 days, which, however, is less than normal. When the injection stopped, 
the average weight increased a little, then fell off (Text-fig. 7). They all 
died; weight at death averaged 65g. The average time for which they 
lived was 5-9 days. None of them lived longer than 14 days (Text-fig. 8). 

At autopsy the findings were as in the controls. 


Discussion. 


The first question raised by these experiments concerns the presence 
of accessory adrenal cortex in the albino rat. From the results obtained 
in the present Series I and II it is evident, as has also been claimed by 
the investigators mentioned above, that an absolute mortality may be 


obtained by an appropriate technique. In Series I, in which I employed 


a technique which at first I looked upon as satisfactory, I was only able 
to obtain a mortality of 86 p.c. After modifying it in various ways, of 
which the decapsulation of the upper third of the kidney I regard as the 
most important, the mortality was 100 p.c. (Series II). That this increase 
in the mortality was not ascribable to surgical injury is evident from 
Series ITI, in which the modified technique was employed in two stages. 
Here too the mortality was 100 p.c., but the behaviour of the animals 
showed that the removal of one adrenal, whether the right or the left, 
does not seriously interfere with the general condition. Only the removal 
of the second adrenal brought on a distinct pathological condition, 
terminating in death. In none of the animals that died in direct con- 
nection with the adrenalectomy was it possible to demonstrate any 
remnants of sta tissue with the rather rough test used. This, of — 
course, does nét prove that such remnants of cortical tissue may not have 

been present, but the experimental results in Series IV are decidedly 
against the possibility of remnants of cortical tissue being left behind at 
the operation. Keeping adrenalectomized animals alive for a relatively 
long period after the operation by injection of cortical hormone gave a 
good opportunity for possible remnants of cortical tissue to undergo 
hypertrophy. No such hypertrophy occurred, however, in a group of 
animals that was not very small; they all died, and the autopsy also 
failed to show any signs of cortical remnants. 
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These experiments, it seems to me, make it highly probable that the 
adrenalectomy had actually been complete when the improved technique 
was employed. There remains a very interesting question, whether in 
_ these studies I have been dealing with a strain of rats peculiar in having 
no accessory cortical tissue, or whether those who claim that accessory 
cortical tissue is a frequent occurrence in the albino rat were wrong. 

In discussing this I will select the results reported by Gaunt, partly 


because of the large number of animals used and the care with which — 


the experiments were done, and partly because his results in some respects 
resembled mine though in others they differed. In 130 animals from four 
colonies, he had a mortality of 95 p.c. Those that died were affected 
similarly to those in my Series II, in which the mortality was 100 p.c. 
with seventy-seven animals. The average time at which the animals 
succumbed was exactly the same in his series as in mine, namely 5-7 days, 
@ curious coincidence, and the curve showing the daily incidence of 
deaths was also strikingly similar. 

Here the resemblance ceases, however. Among the adrenalectomized 
rats from another colony Gaunt found a much lower mortality (55 p.c.). 
Subsequently, Gaunt and Gaunt were able to show that the adrenal- 
ectomy performed on the rats from the first-mentioned colonies had 
been less complete than suggested at first by the high mortality of 95 p.c. 
For, as already mentioned, the mortality fell off to about 50 p.c., when 
the animals were treated with cortical extract after the operation. This 
last experiment removes the great difference that appeared at first to be 
evident in the different rat colonies that Gaunt was working with. 

For this reason I cannot help thinking that the cortical tissue which 
Gaunt calls true cortical accessories may actually have been fragments 
of cortical tissue detached from the adrenals. Of course, Gaunt himself 
realizes that this possibility exists. In support of his assertion he states 
that these cortical accessories were in most cases located so far from the 
adrenals that they could not have been removed by the adrenalectomy. 
Still, the pieces cited by Gaunt are not so far away from the location of 
the adrenals (for instance, near the renal vein) that one cannot readily 
imagine them as implantations of detached fragments of adrenal tissue. 
Indeéd, Firor and Grollman [1933] find that whenever the rats fail to die 
after bilateral adrenalectomy they are able to demonstrate “accessory” 
cortical tissue in the immediate neighbourhood of the normal position of 
the adrenals. The latter authors assert that this accessory cortical tissue 
originates from microscopic accessory cortical glands, supposed to be 
present in the connective tissue surrounding the adrenals proper. They 
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fail to mention how they have been able to distinguish between true 
accessory tissue and implanted tissue from fragments (detached by the 
operation). 

It is not my intention here to call in question the fact that true cortical 
accessories may occur in the albino rat, at some distance from the 
adrenals proper. But this must have been a very rare phenomenon in ~ 
the strain of rats I have worked with, as is evident from the results of my 
experiments. I am inclined to think, however, although this view needs 
to be proved, that a modification of the operative technique may also 
give similar results in other rat strains. 


SuMMARY. 


1. In a series of fifty-eight young rats, bilateral adrenalectomy (in 
one stage) gave a mortality of 86 p.c. death occurring on an average 
after 6-6 days. Of the surviving eight animals, seven showed on autopsy 
the presence of adrenal cortical tissue. Longest delay of death, 12 days. 

2. The operative technique was improved, and now in a series of 
seventy-seven animals the mortality was 100 p.c. Death occurred on an 
average after 5-7 days, in males and females alike. Longest delay of 
death, 12 days. | 

3. That surgical shock was not a factor in the mortality in this 
series was evident from the results of the same operation performed in 
two stages, at an interval of 12 days. The animals showed the first signs 
of illness after the second operation. Eighteen animals operated on in 
this manner died, on an average, 11-2 days after the second operation. 
The longer duration of life was attributed to the considerably greater 
weight of the animals at the time of the last operation. 

4. Twenty-seven adrenalectomized rats (one stage) were kept alive 
for 21 days after the operation by means of daily injection of cortical 
hormone. After discontinuance of the injections all the animals died, 
after an average of 5-9 days. Some of them died even on the first or 
second day and none lived longer than 14 days after the last injection. 

5. It is pointed out that these results suggest the possibility of 
removing all cortical tissue with the improved operative technique given 
here. 
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DESCRIPTION OF PLATE I. 
Fig. 1. Incision through the lumbar muscles. The left kidney is pushed forward through 
the incision. 
Fig. 2. Display of the adrenal by means of two pairs of forceps. 
Fig. 3. The pedicle of the adrenal is crushed and torn and the adrenal is swung upwards. 


Fig. 4. The adrenal is liberated from the medial side, and freed from the upper pole of the 


kidney. Then it is freed entirely from the kidney, together with the upper third of the 
kidney capsule. Then the capsule is torn across. 
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ON THE EFFECT OF A NON-ELECTROLYTE UPON 
THE SIZE OF THE ACTION POTENTIAL OF NERVE. 


| By K. YAMAGIWA (Tokyo). 
(From the Physvological Laboratory, Cambridge.) 
(Recewed February 9, 1935.) 


THE present work was undertaken to examine the effect of a non-electro- 
lyte (isotonic sugar solution) upon the size of the action potential in 
nerve. It is known that the substitution of sugar solution for Ringer 
increases the injury potential of muscles [Briinings, 1903, 1907] and 
whole nerve trunks [K eil and Miihlauer, 1923], also that there is sooner 
or later a failure of conduction in muscle [Overton, 1902] and nerve 


_ (Overton, 1904; Ishikawa, 1912]. It seemed worth while, therefore, 


to investigate the effect on the action potential of single nerve fibres to 
find out (a) whether the method can be used safely to increase the size 
of action potentials which are normally below the limits of useful ampli- 
fication, and (6) whether the failure of conduction is preceded by a stage 
in which the potential is reduced, as in the case of narcotizing agents 
generally [Katéd, 1924; Tsai, 1931]. 

METHOD. 

Matthews’ preparation of the frog’s toe muscle [Matthews, 1931] 
was chosen as the material. The muscle was stretched by a suitable 
load and the afferent impulses coming from the muscle spindle were 
recorded by means of Matthews’ oscillograph and amplifier. 

The preparation was mounted in a vulcanite chamber which was 
divided into halves by a wall having a narrow slit for the nerve to pass 
through. One-half of the chamber contained the muscle and the adjoining 
part of its nerve, and the other half the greater part of the nerve trunk. 
The arrangement is roughly shown in Fig. 1. 

The compartment A was always filled with Ringer, except when the 
records were being taken, and the Ringer was renewed every 5 min. to” 
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keep the size of the action potential constant [Matthews, 1931]. The 
compartment B contained the fluid to be tested, which was also drained 
out before every recording. A solution of 7 p.c. pure cane sugar in 
distilled water was used as the non-electrolyte. The renewal or the 
drainage of the fluids was done by lowering rubber tubes with funnels 
at their ends, which were attached to the bottoms of A and B. The muscle 
was stretched by a 2 g. weight which fell with a speed controlled by a 
dash-pot. The action potential was led off from the electrodes I-II 
(control), III-IV, V-VI or from III-V. 


5mm. 5 mm. 5 mm. 
itlem.: 2cm. : : 


Vv VI 


— 
Ag-AgCl-electrodes 
| 


Fig. 1. Frog toe muscle preparation in chamber for testing the effect of sugar solution on 
the action potential of a single nerve fibre. 


Sources of uncertainty arise from: 

(1) The fluid remaining on the inner wall of the chamber near the 
leading-off electrodes after the drainage. 

(2) The amount of surplus fluid around the nerve between the 
electrodes. 

The short-circuiting effect of the fluid on the chamber wall was 
easily avoided by covering the whole inner wall with a paraffin layer, 
especially the parts near the electrodes, and by washing out the chamber 
thoroughly with water every day after the experiments. It was found 
much better to renew the paraffin layer from time to time. The amount 
of surplus fluid on the nerve between the electrodes is difficult to control, 
because it is not easy to remove it without touching the delicate and 
sticky nerve. For this reason the manipulation was always made in the 
same way and in the same length of time, and the fluid was allowed to 
drain naturally. Control records taken from repeated experiments with 
Ringer gave sufficient, though not strict constancy. 
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RESULTs. 
(1) The increase in the action potential. 
If the nerve is immersed in pure isotonic cane-sugar solution, its action 


potential becomes always very large (2-3 times, sometimes more), but 
otherwise indistinguishable from the normal (Fig. 2). 


Fig. 2. Increase in size of action potential in four preparations a, 6, c and d, at various 
times after treatment with isotonic sugar solution. 

This change takes place gradually (Figs. 2 and 3) and reaches its 
maximum usually in about 10 min., but often in a longer or shorter time, 
after the application of the sugar. The time taken to reach maximum size 
seems to depend upon the thickness of the nerve, and so generally upon 
the sizes of the frogs employed and on the part of the nerve from which 


the action potential is led. 


Fig. 3. Gradual increase in size of action potential in a preparation from a very large frog. 


| 
The maximal potential thus attained sometimes keeps constant for a 
long time, and sometimes varies in either direction (Fig. 4a). This 
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variation may be due to the appearance and disappearance of ions owing 
to diffusion in the neighbourhood of the active fibre. 


Size a 


Time (min.) 


Time (min.) 
0 10 20 3 4 50 60 270 8 % 100 


Fig. 4. a, increase in action potential in two preparations in which failure did not occur 
after 2 hours’ treatment. 6, increase in sugar, failure and recovery in Ringer in three 
preparations. The curve marked o—o refers to a preparation which had been pre- 
viously treated with sugar and allowed to recover in Ringer. The effect develops much 
more rapidly after a previous treatment. eee 
tion, not previously treated, from a very small frog. 


If, after the sugar effect has developed the nerve is replaced in Ringer, 
a second treatment with sugar solution leads to a much more rapid 
_ change in the action potential (compare Fig. 2 a and Fig. 5 a). 


(2) The suspension of conduction and its recovery. 

The increased potential begins to decrease sooner or later, becoming 
smaller and smaller and finally zero (Fig. 46). The transition from 
maximum to zero takes place rather abruptly, usually in a few minutes, 
so that it is not easy to catch the intermediate stages. The duration from _ 
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the moment of application of the sugar solution to the suspension of the 
conduction varies over a considerable range. Some preparations in the 
spring lasted 3 hours (Fig. 4a) but most of those in the autumn not longer 
than $ hour (Fig. 4.6). This may be due to a seasonal effect, but it is 
fairly clear that there are also individual differences corresponding to 
the different thicknesses of the nerve trunks. In any case, the data are 
comparable to those of Ishikawa, in which 2 cm. of the sciatic nerve . 
(toad) kept its conductivity for 50:min.-2 hours in isotonic sugar solution 
[Ishikawa, 1912]. 

If the nerve is put back to Ringer, the action potential reappears and 
slowly regains its normal size (Figs. 4b and 5). The action potential is 


Fig. 5. Records of action potential showing increase in sugar, failure and recovery in 
Ringer. 


monophasic to begin with. The monophasic response, indicating that the 
impulse reaches one of the electrodes but not the other, is usually found 
also just before the failure of conduction. As the electrodes were always 
at the same points on the nerve, there is probably a region at which the 
nerve is more readily affected by the solution. The time to full recovery 
is usually 10-30 min., when the nerve is put back into Ringer a few 
minutes after the suspension of the conduction. 


Discussion. 
There are at least three factors which might account for the initial 
increase in the action potential: 
(1) The absence of K-ions. 
(2) A specific action of the sugar itself. 
(3) The increase of the shunting resistance. 
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According to Macdonald’s work on medullated nerve [1900, 1902], 
Osterhout’s work on Nitella [1931] and Cowan’s on Maza nerve 
[1934], there exists a logarithmic relation between the injury potential 
and the K-ion concentration in the bathing fluid. In the present work 
when the nerve was immersed in the pure sugar solution, the K-ion 
concentration in the bathing fluid must have been practically zero, 
hence it might have been the cause of the increased potential. To 
examine this, the following fluids were tried in place of the pure sugar: 

(1) Isotonic sugar solution containing KCl in the same amount as in 
Ringer (0-02 p.c.). | 

(2) Isotonic NaCl solution (0-11 mol.), (a) pure and (6) containing 
0-02 p.c. KCl. 

The result obtained by the first fluid was nearly the same as that of 
the pure sugar, and the second fluid (a) showed no difference from 
Ringer and the second fluid (6). If the increase in observed potential is 
due to the absence of K-ions, then the first fluid should be much less 
effective than the pure sugar, and the second fluid (a) ought to show an 
effect like that of the pure sugar both in magnitude and time relations. 

To examine the effect of the sugar itself, Ringer’s fluid was used, to 
which sugar was added in different amounts, varying from zero to 7 p.c. 
The result obtained was that the sugar itself had almost nothing to do 
with the great increase of the action potential, although a slight fluctua- 
tion of the latter was sometimes observed. In another series of experi- 
ments, mixtures of isotonic sugar solution and Ringer in various ratios 
were tested. In this case the electrical conductivity of the fluid would 
vary with the proportion of Ringer in it. The sizes of the action potential 
were found nearly twice as large as normal at the ratio sugar solution: 
Ringer=1:1, more than twice at the ratio 3:1, nearly three times at the 
ratio 7:1, finally becoming about four times as large as normal in pure 
sugar solution. These records, although they are not quantitatively 
exact, indicate some factors which cause the action potential to increase 
as the conductivity of the solution decreases. 

Thus, the great increase of the action potential is probably due simply 
to the increase in resistance of the fluid surrounding the nerve. It is 
difficult to give any positive proof for this, because the shunting resistance 
cannot be changed without changing the ionic concentration of the 
bathing fluid. In the present case, however, just one active fibre is 
imbedded in a relatively thick nerve trunk, so the change of the resistance 
of the latter will very probably exert a large effect on the potential 
difference in the outer leading-off circuit. Whether the increase in 
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potential observed was partly due to the absence of NaCl or not, could 
not be made clear. 

All that can be said as to the cause of failure of the action potential is 
that complete failure of conduction is preceded by a stage in which the 
action potential is progressively diminished in size. Its time relations 
and form during this stage were not investigated. The effect is reversible, 
at any rate if the period of suspension does not exceed 15 min. It would 
be safe, therefore, to use a sugar solution to increase the apparent size of 
the action potential if care were taken to limit the observations to the 
initial period and to replace the sugar with Ringer as soon as there was 
any considerable reduction in potential. 


SuMMARY. 


When the nerve of the frog’s toe muscle preparation [Matthews, 
1931] is immersed in isotonic cane-sugar solution, the action potentials in 
the single fibre from the muscle spindle are increased to 2-3 times their 
original size. The effect develops in from 10 min. to } hour; the size remains 
large for 4-3 hours, and then declines rapidly to zero as conduction fails. 
The increase in size is probably due to the increased resistance of the 
fluid. | 


My sincere thanks are due to Prof. E. D. Adrian for his valuable suggestions and 
advice during the course of this work. I am also indebted to Mr B. H. Matthews for his 


help in technique. 
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In a previous preliminary communication [Cowan and Ing, 1933] we 
reported that frog nerves treated with various quaternary ammonium 
salts showed after asphyxiation and subsequent re-admission of oxygen 
either abolition or considerable diminution of the action current. When 
we came to study this effect in more detail and using summer frogs, we 
found that it was not consistently reproducible. At first we thought that 
this apparent capriciousness was due to the use of summer frogs and we 
decided to make a parallel investigation, using crab nerves. We had 
already found that a preliminary asphyxiation was unnecessary with 
crab nerves, thus eliminating one variable and facilitating rapid experi- 
mentation; moreover crab nerves were apparently very sensitive to — 
_ quaternary ammonium salts [Cowan and Ing, 1933]. Our experiments 
with non-medullated nerve enabled us to trace a source of error in our 
earlier experiments, and we were able to eliminate this on our return to 
experiments with frog nerves. — 


EXPERIMENTS WITH NON-MEDULLATED NERVE. 


The nerves used in all these experiments were dissected from the 
walking legs of medium-sized specimens of Maia squinado by Levin's 
method [1927] and then washed for an hour in aerated sea water to 
prevent reversible inexcitability [Furusawa, 1929; Cowan, 1934]. The 
experiments are divided into two series, but in both the apparatus and 
method used were, except for small differences, those which we have 
already described [1933]. The differences were: firstly, the filter paper 
strips leading the action current from the nerve to the calomel half cells, 
and thence to the galvanometer, were shorter (10-12 mm.); secondly, the 
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test stimuli were tetani of 2 sec. duration at the rate of 44-5 charge and — 
discharge shocks per sec. instead of 15 sec. tetani at 49 shocks per sec. ; 
thirdly, the stimulating and earthing electrodes were of clean bright 
silver wire instead of silver wire coated with silver chloride. The impor- 
tance of the first two points is that we were able to employ stimuli of 
shorter duration than formerly, thus considerably diminishing fatigue 
effects, whilst the reduction in the resistance of the galvanometer circuit 
still enabled us to obtain action current deflections of 100-200 mm. The 
importance of the third point will be clear from the experiments described 
later. 

The freshly dissected nerve after washing in serated sea water was 
mounted in the manner previously described, and its action current 


- estimated by the galvanometer deflection. The nerve was then immersed 


in sea water containing purified tetramethylammonium iodide in a 
concentration of 10 millimols per litre. We found, on remounting the ~ 


_ nerve, that the action current had declined by not more than 10 p.c. The 


action current was not sufficiently reproducible after the re-mounting 
process for us to obtain a closer estimate than this [cf. Cowan, 1934]. 
Further readings showed that the apparent rate of decline of the action 
current, including the “crush sealing over” effect [Levin, 1927; 
Furusawa, 1929; Cowan, 1934] in treated nerve was approximately 
the same as in an untreated (control) nerve taken from the same crab. 
Other experiments using times of immersion ranging from 3-170 min. were 
carried out with the following solutions, which were all made up in sea 
water with specimens of quaternary ammonium salts which had been 
prepared by standard methods and purified by recrystallization: 


1 millimol per litre of tetramethylammonium iodide, 
50 millimols per litre of tetramethylammonium iodide, 
1 millimol per litre of strychnine methiodide, 

10 millimols per litre of strychnine ethiodide. 


In no case was the action current changed by an amount greater than 
that which could be attributed to the experimental uncertainty. These 
results were directly contrary to our previous experience. 

Some tetramethylammonium chloride solutions containing 1 and 
10 millimols per litre in sea water were prepared by treating a solution of 
50 millimols per litre of the tetramethylammonium iodide used in the 
above experiments with excess of solid silver chloride in the dark, 
filtering off the solid material and diluting the filtrate to the required 
concentration. After nerves had been immersed in this solution and 
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then re-mounted the action current was found to have been abolished 
exactly as has been described in our previous communication [1933]. 
Similar results were obtained with solutions of 1 and 10 millimols per 
litre of tetraethylammonium chloride which had been prepared from the 
iodide in the way just described. 

The discrepancy between the above two groups of experiments 
suggested that some physiologically active impurity was introduced by 
_ the method of converting the quaternary ammonium iodides into the 
chlorides since it was unlikely that there was any physiologically 
important difference between the iodides and the chlorides. We thought 


it possible that the impurity in question might be silver chloride, especially | 


as we had used silver-silver chloride electrodes in our previous experi- 
ments. 

Before going further we decided to modify our experimental method 
because the 10 p.c. uncertainty in the action current measurements and 


the lack of a base line for the readings made it difficult to be sure that 


the purified quaternary ammonium iodides did not affect the response 
slightly. We wished also to compare the actions of quaternary salt 
solutions containing different quantities of silver on the same nerve. A 
new nerve chamber of paraffin wax was built. It had moist filter-paper 
strips and calomel half cells to lead off the action current to the galvano- 
meter as before; an earthing electrode, also as before, but of bright 
platinum wire, and two sets of bright platinum wire stimulating elec- 


trodes. Between the two sets of stimulating electrodes and between the 


more peripheral set of stimulating electrodes and the earthing electrode 


were small wells made in the paraffin wax. When a nerve was in position, 


looped over the electrodes, parts of it could be treated with different 
solutions by filling the wells without disturbing the peripheral section 
from which the galvanometer leads were taken. Fig. 1 gives the dimen- 
sions of the chamber and the positions of the electrodes and wells. 
After a nerve had been dissected and washed in wrated sea water, it 
was mounted, the peripheral end lying on its filter-paper lead was 
crushed and a drop of isotonic potassium chloride solution was applied to 
obtain a monophasic response and to diminish the “crush sealing over” 
effect as much as possible. After 10 min. had been allowed for recovery, 
2 sec. tetani were applied to the nerve every 10 min. alternately at the 
peripheral and central electrodes until a base line for the response at each 
set of electrodes had been obtained. The more central of the two wells 
(A) was then filled with the solution whose influence it was intended to 
examine and the periodical test stimuli were continued at both sets of 
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electrodes so long as desired. At the end of that time a sample of the 
same solution or of another solution was put into the well (B), and the 
periodical tetani at the peripheral electrodes were continued again so 
long as desired. Finally the action current was blocked by the application 
of a drop of isotonic potassium chloride solution to the nerve immediately 
on the central side of the earthing electrode and test stimuli were 
applied at both sets of electrodes in succession in order to detect artefacts. 
By this method it was possible to measure smaller changes in the action 
current than previously; the base line followed an approximately 
exponential curve and after its extrapolation to allow for the apparent 


41947 35 7 30 4 mm, 


To galvanometer — 
via calomel Stimulating electrodes 
half-cells | 
Fig. 1. The nerve chamber, the positions of the electrodes and wells. 


rate of decline of the action current, the limiting measureable change 
was about 3 p.c. The results for the comparison of two different solutions 
were also more consistent than those obtained on different nerves in our 
earlier experiments. The times needed to produce the observed effects 
were longer however than those needed in the immersion experiments, 
probably because the volumes of solution used were not large in compari- 
son with the nerve. 
Within the limits mentioned above solutions containing: 
1 millimol per litre of strychnine methiodide, 
10 millimols per litre of strychnine ethiodide, 
50 millimols per litre of tetramethylammonium iodide, 
50 millimols per litre of tetraethylammonium iodide, 
were found to have no effect within 2} hours of their application to the 
nerve. 
A solution of 50 millimols per litre of tetramethylammonium chloride 
prepared as already described by treating the iodide solution with excess 
of solid silver chloride, abolished the response to stimulation at the 
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central electrodes in 10 min. whilst sea water saturated with silver 
chloride applied to the peripheral part of the nerve only reduced the 
apparent response to about half the expected value at the end of 24 hours. 

The preparation of a tetramethylammonium chloride solution by 
shaking a solution of the iodide in sea water must obviously leave the 
solution saturated with silver chloride. In order to avoid this possible 


source of error, tetramethylammonium chloride was prepared by — 


shaking an aqueous solution of the iodide with silver chloride and, after 
filtration, evaporating the solution to dryness, The dry salt was then 
crystallized twice from alcohol in order to free it from traces of silver 
chloride. A solution of this material (50 millimols per litre) abolished the 
response from the central end of a nerve in 14-1? hours, whilst an 
equimolar solution of the original tetramethylammonium iodide had no 
effect on the response from the papers electrodes of the same nerve 
within 2 hours, 

Although the method of preparing 
chloride described above is the standard procedure for the conversion of 
quarternary iodides into chlorides, it was possible that the specimen was 


still contaminated by physiologically active amounts of silver chloride, — 


and consequently it was decided to synthesize this salt by a method which 
did not involve the use of silver. 


Since ta gas, with presente practical 
difficulties. The use of dimethyl sulphate was also to be avoided since it involved the use of 
another heavy metal, e.g. barium or lead. The method finally adopted was to heat a methyl 
alcoholic solution of trimethylamine and dimethyl sulphite in a closed bottle at 100° C. and 


to decompose the tetrameth ium methylsulphite so formed by evaporation of its — 


solution with hydrochloric acid. In this way sulphur dioxide was liberated and a mixture 


of tet thyl ium chloride and trimethylamine hydrochloride was obtained. The 


tertiary base was removed by boiling a solution of the mixture with caustic soda. The | 


alkaline solution was then neutralized with hydrochloric acid, the solution evaporated to 
dryness and the tetramethy ium chloride extracted with hot absolute alcohol, and 


Me,N +Me,SO, Me,N} 80,Me MeN) Cl+80,+MeOH. 


Experiments were resumed with this specially prepared material. It 
was found that a solution containing 50 millimols per litre had no effect 
on the action current within 2 hours, whilst on the same nerve a solution 
of the same concentration but made up with sea water which had been 
previously saturated with silver chloride destroyed the action current in 
about 20 min. On another nerve a solution of 50 millimols per litre of 
tetramethylammonium chloride in silver chloride saturated sea water 
abolished the action current in 25 min., whilst the silver chloride satur- 
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ated sea water alone required more than 2 hours to reduce the apparent 
action current to two-thirds of the value which would have been expected 
at the end of that time (Fig. 2). In yet another experiment a solution of 


_ the special tetramethylammonium chloride made up with sea water 


saturated with silver chloride abolished the response from the central end 
of a nerve in 26 min., whilst a solution of the same material and of the — 
same concentration, but made up in sea water half saturated with silver 
chloride, abolished the response at the peripheral electrodes i in just over 
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Fig. 2. The rate of decline of the apparent action current in Maia nerves treated with: 
A, sea water or with a 50 millimolar solution of the specially prepared tetramethyl- 
ammonium chloride in sea water; B, sea water saturated with silver chloride; C, a 

- 60 millimolar solution of the specially prepared tet thyl ium chloride made 
up in sea water saturated with silver chloride. In each case the arrow indicates the 
time of application of the solution. ' 


It is clear from the results so far described that quaternary salts have 
no effect on the action current of crab nerve unless silver salts are present. 
This conclusion naturally caused us to question not only our own 
previous experiments concerning the action of quaternary ammonium 
salts on asphyxiated frog nerve [1933] but also those of Fromherz [1933] 
on the action of curare and of strychnine on asphyxiated frog nerve, 
particularly since the latter author used silver-silver chloride electrodes 


a 
j 
a 
+, 
x 
4 
“a 
~ 
; 
4 
x4 


96 S. L. COWAN AND H. R. ING. 


to lead the action current from the nerve to the galvanometer. We 
consequently thought it of interest to investigate the action of curare 
and strychnine on crab nerve. 

Dr H. King was kind enough to give us some purified curarine 
chloride prepared from botanically authenticated Stryohnos toxtifera. We 
used this in preference to curare, because many samples of curare contain 


large quantities of potassium salts [Boehm, 1920; Straub, 1900] which | 


have already been shown to affect the action current in Maia nerve 
[Cowan, 1934]. Curarine chloride added to sea water in concentrations 
up to 5 millimols per litre (adopting Boehm’s formula [1897] for the 


probable molecular weight) was found to have no effect on the action 


current within an hour, but similar solutions made up with sea water 
_ saturated with silver chloride abolished the action current within half an 
hour—approximately the same time as that required by the 50 milli- 
molar solution of special tetramethylammonium chloride made up in sea 
water saturated with silver chloride. 

Sea water, to which had been added 10 millimols per litre of recrystal- 
lized strychnine hydrochloride, abolished the action current in about 
30 min. when applied by the second experimental method described here. 
In a few experiments done by the first method the response was found to 
have vanished when a nerve was re-mounted after about 10 min. 
immersion in the 10 millimolar solution. The nerve was then put into a 
large volume of wrated sea water and washed for about an hour; on re- 
mounting at the end of this time a recovery of 90-95 p.c. of the initial 
action current was observed. 

A few experiments were also carried out, mainly by the first experi- 
mental method, in order to clear up one other point. In our experiments 
on frog nerve [1933] we had noted that nerves treated with Ringer’s 


solution containing 10 millimols per litre of tetraethylammonium iodide, 


which differs from other quaternary ammonium salts in so far as it does 
not.exert a true curariform action, exhibited an increased area under the 
deflection x time curve on stimulation. With Maia nerves over a 
concentration range from 5 down to 0-00005 millimol per litre, so far as 
we could tell by taking readings every 6 sec., the area under the deflec- 
tion x time curve did not change appreciably. Over a concentration 
range of 10 to 50 millimols per litre our results were not very decisive 


but it is possible that the area under the deflection x time curve is 
increased by about 10 p.c. 
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EXPERIMENTS WITH CRUSTACEAN NERVE-MUSCLE 
PREPARATIONS. 


Nerve-muscle preparations, adapted for continuous perfusion, were 
made from walking legs of Maia. A leg was cut off close to the body of a 
medium-sized animal, and a small opening was made in the upper side 
at the distal end of the propodite to allow air to enter as the blood 
drained out of the cut end of the limb. Also, through this opening, the 
tendon of the abductor muscle of the dactylopodite was cut. Then 
starting at the central end of the leg, the shell was cut away from the 


- underside for about two-thirds of the length of the meropodite. From the 


peripheral end of the leg a thick elastic piece of rubber tubing, about 
3 cm. long, was slipped on to the carpopodite. At the opening in the 
meropodite the visible part of the adductor muscle was cut off and 
removed; a cotton was tied to the nerve, which was then dissected away 
from its attachments and afterwards replaced in its original position. A 
piece of wide glass tubing, about one-third as long again as the meropodite 
and with a small side tube in the middle, was passed on to the central end 
of the limb until‘it could be slipped under the rubber tubing which had 
previously been placed on the carpopodite. A large rubber bung was 
passed on to the propodite until the small hole made to allow air to enter 
was left free. The limb was arranged vertically on a retort stand and 
fixed by clamps, one around the rubber tubing on the carpopodite and 
the other just above the bung on the propodite (Fig. 3). A pair of 
platinum wire stimulating electrodes was passed into the glass tube 
surrounding the meropodite and the nerve looped over them. A jet 
carrying the perfusion liquid, at first sea water, was also arranged inside 
the glass tube, the end of which was then plugged with cotton wool. A 
slow stream of moist oxygen, which came in through the glass side tube, 
was started and the perfusion fluid was turned on until it flowed from 
the jet at the rate of about one drop in 2 sec. A piece of lead foil weighing 
about 2 g. was twisted round the end of the dactylopodite to ensure that 
it would return to its original position after the muscle had contracted 
and relaxed again. A wide-mouthed Buchner flask, connected to a filter 
pump, was lifted up to meet the rubber bung on the propodite; the filter 
pump was turned on just sufficiently to draw off the perfusing fluid 
through the small hole in the propodite at the same rate as that at which 
it entered the wide glass tube on the meropodite. The test stimuli applied 
to the nerve were tetani of 2 sec. duration and consisted of eight optimal 
[Beresina and Feng, 1933] charge and discharge condenser shocks. To 
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permit us to estimate the movement of the dactylopodite a scale was 
placed behind it and outside the Buchner flask. 

Nerve-muscle preparations set up in the above way and perfused with 
sea water at 17° C., once they had recovered from the effects of the 
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Fig. 3. A. Mate nerve-muscle preparation set up for continuous perfadion. 


dissection, continued to give good responses to tetani applied once in 
10 min., for about 44 hours before there was any appreciable falling off. 
The apparatus was so arranged that by turning a three-way tap it was 
possible to change over from sea water to a solution of a quaternary 
ammonium salt in sea water. Usually the change was made after the 
preparation had given good responses for at least half an hour. 
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The muscles of nerve-muscle preparations, perfused with solutions 


containing 50 millimols per litre of the special tetramethylammonium - 


chloride or of tetramethylammonium iodide, exhibited a strong con- 


tracture in 2-6 min. This contracture could be obtained equally well — 


with isolated muscles or limb-muscle preparations similar to the one 
described by Pantin [1929] but from which the nerve trunk as well as 
the abductor muscle had been removed. When our nerve-muscle prepara- 
tions were perfused with sea water containing 10 millimols per litre of 
tetramethylammonium chloride the muscles suffered a slight con- 
tracture within the first 5 min., but it was insufficient to interfere seriously 
with their responses to indirect stimulation and no further reduction took 
place over a period of 34 hours. 

A single experiment was performed with sea water containing 
3 millimols per litre of curarine chloride. In 24 hours we observed no 
reduction in the size of the response to indirect stimulation, and no signs 
of a contracture. 


EXPERIMENTS WITH MEDULLATED NERVE. 


These experiments, which were of two types, were carried out mainly 
with sciatic nerves from a fresh batch of winter frogs (Hungarian 
R. esculenta) which arrived at the laboratory in January, 1934. A few 


additional experiments were also made with nerves from some of these 


frogs which were kept until September, 1934, but they gave results 
indistinguishable from the earlier ones. The first type of experiment was 
performed with the same apparatus and in nearly the same manner as 
our previous experiments [1933]. The differences were: stimulating and 
earthing electrodes of bright platinum wire were substituted for the 
silver wires coated with silver chloride; room temperature was maintained 
at about 21° C. instead of 19° C., thus shortening the time needed for the 
asphyxiation; after the initial treppe was over the test tetani were of 
3 sec. duration at the rate of 50 per sec. instead of 20 sec. duration at 


85 per sec.; the unasphyxiated (control) nerve was left mounted in the | 
chamber overnight and tested again the following morning; also, the — 


nerve which had been asphyxiated and allowed to recover was put into a 
fresh sample of the solution with which it had been treated, left over- 
night, and then taken out and tested on the following day. 

We were unable to find any appreciable difference between the 
responses given by nerves which had been poisoned with 1 millimolar 
pure ens mana iodide in Ringer’s solution, asphyxiated and 

1—2 


7, } 
ity 
| 
% 
q 
“eq 
ag 
i 
J 
a 


8. L. COWAN AND H, R. ING. 


allowed to recover and those given by nerves which had merely been 
soaked in Ringer’s solution, asphyxiated and allowed to recover. Nor 
could we find any difference between the responses given by these nerves 
after they had been immersed in fresh oxygenated solutions overnight. 
Likewise we could find no difference between the responses given by 
nerves which had been soaked for 6 hours in an oxygenated Ringer’s 
solution with 1 millimol per litre of added tetramethylammonium iodide 
and those given by nerves which had been soaked in ordinary Ringer's 
solution; this was true either immediately after the nerves had been 
mounted or after they had remained mounted overnight in oxygen. There 
was usually a difference between the nerves which had been and those 
which had not been asphyxiated; by the time that a nerve which had 
been asphyxiated had reached a steady level of recovery in oxygen it 
gave about 80 p.c. of the response which it had given initially; the 
response in a nerve which had not been asphyxiated declined by about 
5 p.c. in the first 6 hours and a further 5 p.c. by the following morning. 

Similar experiments were then done with some 1 millimolar tetra- 
methylammonium iodide’solution which had been shaken for about an 
hour, in the dark, with an excess of freshly precipitated and washed 
silver chloride. Nerves which had been poisoned with this solution 
asphyxiated and then given oxygen usually showed only a partial and 


transient recovery similar to that observed in our previous experiments 


[1933], the response later sinking to a steady level of about 50 p.c. of its 
initial value, The responses in nerves which had been immersed in the 


oxygenated silver-containing poison solution were found to have declined. 


by about 40 p.c. at the end of 14 hours. 

We did not consider these experiments to be really decisive, and in 
view of the relatively small difference between nerves which had been 
asphyxiated and those which had only been immersed in the oxygenated 
poison solution, the question was raised whether asphyxiation is really 
necessary for the poisoning of medullated nerve [see Hill, 1933; 
Fromherz, 1933]. These experiments could not be taken as providing 
any satisfactory evidence upon which an answer could be based since, 
according to Hill [1933], a nerve in air may not be far from asphyxiation 
in its interior owing to its resting metabolism, and it would be difficult for 
us to assert that these comparatively large nerves did not suffer some 
asphyxiation during their immersion in the poison solutions through 
which oxygen was being bubbled slowly. Moreover, Feng and Gerard 
[1930] have shown that in nerves from American frogs (species not stated) 


the perineurium may act as a diffusion barrier. We continued our 


‘ 
vag 
Waa 
ay 
> 
a 
is 
4% 
» 
{ 
a \ 
4 
ig 
‘@ 
7 
At 
a 
j 
| 


QUATERNARY AMMONIUM SALTS ON NERVE. 101 


experiments in the hope of getting some idea of the relative importance 
of these factors. 

Two nerves were prepared, soaked in phosphate buffered Ringer’s 
solution, mounted, and the electrical responses tested in the usual way. 
The outer connective tissue sheaths were split with a needle under a 
dissecting microscope, the nerves washed for about half an hour in fresh 
Ringer, re-mounted and their electrical responses again tested. Usually 
we found that the galvanometer deflection due to the action current 
(after allowance had been made for the change in the resistance of the 
circuit) had declined by about 25 p.c. as a result of this operation. One 
of the nerves was then transferred to an oxygenated silver-containing 
millimolar solution of tetramethylammonium chloride, whilst the other 
was put into an oxygenated millimolar solution of pure tetramethyl- — 
ammonium iodide. The nerves were taken out and tested periodically, a 
fresh crush being made at the peripheral end on each occasion. The 
response in the nerve poisoned with the silver-containing solution was 
reduced by 50-60 p.c. of the value exhibited after the splitting of the 
sheath in 2 hours and by about 80 p.c. in 14 hours, whilst the response in 
the nerve poisoned with the pure tetramethylammonium iodide solution 
did not diminish appreciably further than it had already done on account 
of the sheath splitting operation. Experiments were also made with 
Ringer’s solution which had been previously saturated with silver 
chloride. Nerves with their sheaths split and then immersed in this 
solution lost in 2 hours only 5-10 p.c. of the response which they ex- 
hibited immediately after the sheath splitting = and in 14 hours 
20 p.c. 

In experiments similar to the above, but in which the nerves were 


- mounted after an hour’s immersion in the test solution, asphyxiated and 


allowed to recover in oxygen, the responses in those poisoned with the 
1 millimolar solution of pure tetramethylammonium iodide fell by about 
the same amount (20 p.c. of the response exhibited after the sheath 
splitting) as the responses in the controls which had been soaked in 
Ringer, asphyxiated and allowed to recover. Nerves poisoned with 
silver-containing 1 millimolar tetramethylammonium chloride solution, 
after asphyxiation and recovery, exhibited a diminution of 70-80 p.c. 
in the response given after the sheath splitting; whilst the responses in 
nerves poisoned by immersion in silver chloride containing Ringer's 
solution had diminished by about 30 p.c. of the value given immediately 
after the sheath splitting. 

Although these experiments show that the perineurium play a 
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considerable part in preventing diffusion, there still remained the point 
that nerves in the oxygenated solutions might have suffered partial 


asphyxiation. To get over this difficulty and also to detect the part played © 


by silver-silver chloride electrodes in our previous experiments a modified 
experimental method was devised. New nerve chambers were made 
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Action current as p.c. of initial value 
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Fig. 4 A. The action currents in frog sciatic nerves asphyxiated in hydrogen and allowed to 
recover in oxygen. The responses in a nerve, which had been given a preliminary 
soaking in Ringer’s solution, to tetani applied at: A, the peripheral (platinum) stimu- 
lating electrodes; C, the central (silver-silver chloride) electrodes. The responses in a 
nerve, which had been previously soaked in a 50 millimolar solution of the specially 
prepared tetr ium chloride, to tetani applied at: B, the peripheral 

stimulating electrodes; D, the central electrodes. 


similar to the old ones but with two pairs of stimulating electrodes. The 
more peripheral pair was of bright platinum wire and the pair at the 
central end of the nerve was of silver with a coating of silver chloride 
which was renewed before each experiment. The details of procedure 
remained the same as in our previous experiments except that two groups 
of test tetani were applied in succession, one at each set of electrodes, 
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_ where one group had been used before. In this way we were able to 


test the actions of pure quaternary ammonium salts alone and in the 
presence of a large local concentration of silver chloride on the same 
nerve. In each experiment the control nerve (which had not been 
asphyxiated) was left mounted overnight in the chamber in moist oxygen 
and tested on the following day. 

The results of an experiment with the 2 millimolar solution of the 
specially synthesized tetramethylammonium chloride and the results of 


a similar experiment with two nerves soaked in Ringer’s solution are 
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Fig. 4B. The action currents in frog sciatic nerves kept in moist oxygen. as anita were 


the contralateral ones of the same frogs as were used for the experiments of Fig.4 A. — 
The letters A, B, C and D have the same meaning as in the previous figure, 


given in Figs. 4 A, B. In the responses to stimulation at the peripheral 
electrodes there is no appreciable difference between those given by the 
nerve poisoned with tetramethylammonium chloride and asphyxiated 
and those given by the nerve soaked in Ringer, asphyxiated and allowed 
to recover, nor is there any appreciable difference between the control 
nerve poisoned with tetramethylammonium chloride and the Ringer 
soaked control. For stimuli at the silver-silver chloride electrodes the 
response was abolished in the tetramethylammonium chloride poisoned 
nerve which had been asphyxiated and it was reduced by 50-60 p.c. in 
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the poisoned nerve which had been mounted in oxygen for 14 hours: in 
the Ringer soaked nerves the response was reduced by 20-30 p.c. in the 
one which had been asphyxiated and by about 10 p.c. in the one which 
had been mounted in oxygen for 14 hours. 
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Fig. 5. The action currents in nerves which had been treated with a millimolar solution 
of purified curarine chloride. Responses in a nerve, whith was soaked in millimolar 
curarine chloride solution, asphyxiated and allowed to recover, to tetani applied at: 

_ A, the peripheral (platinum) stimulating electrodes; C, the central (silver-silver 

_ ¢hloride) electrodes. Responses in a nerve, which had been soaked for 9 hours in a 
millimolar curarine chloride solution and then mounted in oxygen, to tetani applied 
at: B, the peripheral stimulating electrodes; D, the central electrodes. 7 


Results similar to those which were obtained with the tetramethyl- 
ammonium chloride poisoned nerves, with and without silver chloride, 
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were obtained with nerves poisoned by a 1 millimolar solution of 
strychnine methiodide, a 2 millimolar sdfetion of octyltrimethyl- 
ammonium iodide and a 1 millimolar solution of Dr King’s purified 
curarine chloride (Fig. 5). | 

A few sheath-splitting experiments were also done by this method 
with the 2 millimolar solution of tetramethylammonium chloride. After 
a nerve with its sheath-split had been so poisoned and mounted in 


_ oxygen, the response to stimulation at the platinum electrodes showed no 
failure in 6 hours, whilst in the same time the response to stimulation at 


the silver-silver chloride electrodes fell by 80 p.c. In a companion nerve 
which was asphyxiated and allowed to recover the response to stimulation 
fell by 15 p.c. at the platinum electrodes and vanished at the silver-silver 
chloride electrodes. 

Finally a few experiments were made, also by this method, with a 
10 millimolar solution of tetraethylammonium iodide. In nerves which 
had been immersed for 2 hours and then mounted, the response to 
stimulation at either set of electrodes gave an area galvanometer 
deflection x time of about twice that given by an unpoisoned nerve, con- 
firming our previous observation [1933]. After asphyxiation and 
recovery the area deflection x time was still about 1-5 times that given by 
a normal nerve: no response was obtained to stimulation at the silver- 
silver chloride electrodes. In another nerve soaked for 9 hours in 
oxygenated tetraethylammonium iodide Ringer solution and then 
mounted, in response to stimulation at the platinum electrodes, the area 
of the deflection x time was about 1-5 times that given by an unpoisoned 
nerve, whilst in response to stimulation at the silver-silver chloride 
electrodes it was about 1-3 times normal. The nerve was left mounted 
overnight in moist oxygen, and on the following morning, in response to 
stimulation at the platinum electrodes, the area deflection x time was 
still about 1-5 times that given by an unpoisoned nerve similarly treated ; 
at the silver-silver chloride electrodes there was no response. 


Discussion. 


From the experiments on crab nerve described here it is clear that 
purified silver-free quaternary ammonium salts in quite considerable 
concentrations have no appreciable effect on the action current, nor has 
purified curarine chloride. These conclusions are supported by the earlier 
experiments of Garten [1903] who, using a string galvanometer, was 
unable to find any appreciable change in the action currents in non- 
medullated (pike olfactory) nerves after they had been immersed for 
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periods up to 1 hour in a 3 millimolar solution of Boehm’s purified 
curarine chloride [1897]. 

The experiments with crab nerve-muscle preparations provide 
additional evidence that neither quaternary ammonium salts nor 
curarine chloride has any action on non-medullated nerve. Incidentally 
they support Straub’s view [1900] that curariform paralysis cannot be 
produced in invertebrates. : 

Silver chloride saturated sea water has an adverse effect on the 
response in Maia nerve, but ordinarily this is small. If, however, a 
50 millimolar tetramethylammonium chloride solution made up with 


silver chloride saturated sea water is applied to a nerve, the action 


current is abolished in a few minutes. According to Barlow [1906] 
100 c.c, of 3-43 p.c. sodium chloride solution at 20°C. will dissolve 
0-00018 g. of silver chloride; this figure and our observation that a 
50 millimolar solution of tetramethylammonium chloride in sea water 
half-saturated with silver chloride takes rather more than twice as long 
as a similar solution made up in sea water saturated with silver chloride, 
give a rough idea of the concentration limits of silver chloride needed to 
produce the poisoning effect. Since in our previous experiments [1933] 
we used silver chloride to convert the quaternary ammonium iodides to 
chlorides and silver-silver chloride stimulating electrodes, it is very 
probable that the effects which we attributed to pure quaternary 
ammonium chlorides were really due to their combined action with 
silver chloride. | 

Similar experiments with frog nerve show that pure quaternary 
ammonium salts in concentrations of 1-2 millimols per litre do not 
affect the action current, even after the nerve has been asphyxiated and 
allowed to recover. In fact, with a 2 millimolar solution of tetramethy]- 
ammonium chloride, there was no appreciable action on nerves which had 
had their outer connective tissue sheaths split before the poisoning and 
asphyxiation. 

Contact with solid silver chloride has no appreciable effect on the 
action current in frog nerve if the outer connective tissue sheath is intact, 
but if this has been split contact with solid silver chloride produces a 
small depression in the action current in about 12 hours. Solid silver 
chloride in the presence of tetramethylammonium chloride diminishes 
the action current in an uninjured nerve: this diminution becomes 
greater with the passage of time; it may be hastened by asphyxiating 
the nerve or by splitting the perineurium, or still more by the two 
together. These results lead us to believe that the actions reported 
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previously [1933] were not due to pure quaternary ammonium salts, and 
they negative the evidence in favour of our suggestion that the curariform 
properties of quaternary ammonium salts might be due to their rendering 
the non-medullated endings of motor nerves inexcitable. 

Garten [1912] was unable to find any appreciable action on frog 
sciatic nerves when they were treated with a 3 millimolar solution of 
Boehm’s purified curarine chloride for periods up to 24 hours. Our 
experiments indicate that purified curarine chloride has no action on the 
response in nerves which have been asphyxiated and allowed to recover, 
but that curarine chloride in the presence of silver chloride may seriously 
diminish the action current. We suggest that the results obtained b 
Fromherz [1933] with curare were due either to this synergism betwee 
curarine and silver chloride, or to some constituent other than curarine 
in the curare which he used. Also in his paper he says: ‘The effects of 
curare and strychnine are so similar that without previous knowledge it 
would not be possible to say whether the effects were produced by the 
one or the other.”’ It is impossible to say whether he was observing a 
similar synergism between strychnine hydrochloride and silver chloride 
_ or the action of pure strychnine hydrochloride. However, since we have 
been able to produce a reversible abolition of the action current in crab 
nerve with a highly purified sample of strychnine hydrochloride, it is 
probable that this substance has a similar action on frog nerve. 

Our sheath-splitting experiments show that the perineurium may act 
as an important diffusion barrier; they show also that a preliminary 
asphyxiation is not necessary for the particular type of poisoning 
described here. Whilst there was some difference between the nerves 
which had been and those which had not been asphyxiated and allowed 
to recover after the sheath splitting and poisoning (with silver), we do 
not consider it to be sufficiently large to serve as a basis for any definite 
conclusions regarding the influence of asphyxiation on the permeability 
of the medullary sheath. A further point is that in our experiments with 
the anomalous tetraethylammonium iodide (silver free) asphyxiation 
diminished rather than increased the effect of this substance on the 
action current. 

We have no idea how the synergism between the quaternary am- 
monium chlorides and silver chloride arises. An insoluble complex 
tetramethylammonium silver iodide, Me,NI.2AgI, has been described 
by Datta and Ghosh [1914], but with lighter halide anions, ¢.g. 
bromidion, such complex salt formation appears not to occur with simple 
quaternary cations. With complex quaternary cations double bromides 
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have been made [Datta and Sen, 1917], but so far as we know no double 
quaternary silver chlorides have been described. We attempted to prepare 
one by shaking a very concentrated solution of tetramethylammonium 
chloride with solid silver chloride, filtering off the excess and evaporating 
the filtrate to dryness, but we were unable to obtain a product contaiming 
more than 0:5 p.c. of silver chloride. 

The increase in the area galvanometer deflection x time with tetra- 
ethylammonium salts is probably connected with some observations of 
Loeb and Ewald [1916]. Using nerve-muscle preparations (Rana 
pipens) they found that tetraethylammonium chloride solutions applied 
to the nerve had a “stimulating” action causing twitchings in the muscle ; 
and that simultaneous application of calcium salts or larger amounts of 
magnesium salts might delay or prevent the appearance of these twitch- 
ings. They also found that the responses of nerve-muscle preparations 
were unaffected after the nerve had been soaked for a short time in an 
isotonic solution of tetramethylammonium chloride. 


SUMMARY. 


1. The following solutions of purified quaternary ammonium salts 
were without any appreciable effect on the action current in Maia nerve: 


Tetramethylammonium iodide in concentrations of 1-50 millimols per litre. 

Tetramethylammonium chloride in concentrations of 1-50 millimols per 
litre. 

Strychnine methiodide chloride in a concentration of 1 millimol per litre. 

Strychnine ethiodide chloride in a concentration of 10 millimols per litre. 


2. Purified curarine chloride in a concentration of 5 millimols per 
litre was without appreciable effect on the response of Maia nerve. 

8. Silver chloride saturated sea water depressed the action current 
in crab nerve slightly. A 50 millimolar solution of tetramethylammonium 
chloride in silver chloride saturated sea water or a 5 millimolar solution of 
curarine chloride in silver chloride saturated sea water abolished the 
action current. 

4. A solution containing 10 millimols per litre of purified tetra- 
methylammonium chloride or 3. millimols per litre of purified curarine 
chloride did not reduce the response of a crab nerve-muscle preparation 
to stimulation through the nerve. 

5. The following solutions of purified quaternary ammonium salts 
were without effect on the action current in frog nerve, even when the 
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nerve was asphyxiated after the poisoning and allowed to recover in 
oxygen: 
Tetramethylammonium chloride—2 millimols per litre. 
Tetramethylammonium iodide—2 millimols per litre. 
Octyltrimethylammonium iodide—2 millimols per litre. 
Strychnine methiodide—1 millimol per litre. 


6. A 2 millimolar solution of purified tetramethylammonium 
chloride had no effect when the perineurium was split prior to the 
treatment mentioned in 5. 

7. A millimolar solution of purified curarine chloride was without 
appreciable effect on the action current in frog nerve even after asphyxia- 
tion and recovery in oxygen. 

8. When a frog nerve poisoned with any one of the substances 
mentioned in 5 was in contact with solid silver chloride the action current 
might be diminished or abolished. Splitting of the perineurium or 
asphyxia hastened the diminution of the action current, but neither was 
essential. Similar effects could be obtained with solutions of quaternary 
ammonium salts in silver chloride saturated Ringer’s fluid but they were 
not so marked. 

9. Tetraethylammonium iodide solutions probably increase the 
area galvanometer deflection x time in crab nerve and certainly do 
so in frog nerve. In the latter case asphyxiation did not augment the 
effect. 


We are indebted to Dr E. J. Allen and the staff of the Marine Biological Laboratory, 
Plymouth, for the help and courtesies which we received while we were working there; to 
Prof. A. V. Hill for the loan of apparatus. One of us (S. L. C.) is also indebted to the 
Government Grant Committee of the Royal Society and the Thomas Smythe Hughes and 
Beaverbrook Funds of the University of London for grants towards the cost of apparatusand 
materials, and to the Medical Research Council for a personal grant. 
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LOCAL ADAPTATION TO FLICKER AND ITS | 
RELATION TO LIGHT ADAPTATION. 


By L. A. RIDDELL! 
(Received October 23, 1934.) 


Part I. 


Ir in the human subject a given peripheral area of the retina be stimu- 
lated by a light flickering steadily at a rate such that at first fine flicker 
is perceived, then after a few seconds the light will appear to become 
steady (fusion of the flicker) and will remain steady unless there is 
blinking or the eye is moved. This phenomenon may be called local 
adaptation to flicker. It was first described by Granit and v. Ammon 
[1930], who appear to have been the only workers to investigate it. 
Though largely a peripheral phenomenon it may also be found to a much 
less extent at the fovea. 

As the peripheral retina is known to become adapted saslilhe toa 
constant light, and as the fusion frequency depends on the intensity of - 
the stimulus, Granit and v. Ammon held that the drop in the fusion | 
frequency following fixation was due to what is commonly known as local 
adaptation. Below I shall show that “local adaptation to flicker” is a 
phenomenon swt generis not directly to be correlated with adaptation to 


light. 
Technique. 

_ The apparatus used is indicated in Fig. 1. O is the observer; D is a 
white diaphragm with alternative apertures of 2° and 4°, and having a 
surrounding white screen 30° square; T' is the test patch of ground opal ' 
glass which completely fills the aperture in D; L is a point source of light 
which can be varied by filters as required; F is the flicker fan; M, is a 
fixed plane mirror; M, is a plane mirror with its edges cut true and 
blackened ; it is mounted on a smoothly working vertical axis. The test 
patch 7 can thus be made to show either a steady light (reflected from L 
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to M, and then to M,), or a flickering light (from L through the fan F to 
M, direct), or both side by side, or else merely darkness. M, is so adjusted 
that the light is reduced by half, and when the two images are side by 
side on the test patch, at fast rates the flicker is indistinguishable from 
the steady light both in colour, in steadiness and in brightness. Moreover, 
the use of a mirror having sharply defined edges, together with a con- 
centrated source of light (in the case of a mirror moving on a vertical 
axis, a vertical single filament lamp will do), enables the two images, 
flickering and steady, to be placed side by side on the test patch with no 
perceptible boundary line between them. The mirror M, is sufficiently 
far from 7’, so that only a very small movement of it is enough to displace 


Vo 
Fig. 1. 


oneimage by the other. The test patch is at right angles to the mean path of 
both beams and it is illuminated only by these beams and not by the light 
that falls upon the surrounding screen. In this way the test patch could 
be made to match the screen, and this was the condition in the experi- 
ments described below. All the experiments described were performed 
with the brightness of the screen and test patch first at 1 equiv. f.c. and — 
then at 20 equiv. f.c, as measured by a lumeter at the point of observation 
(4 m.). Exactly similar results were obtained with both intensities. 
‘Twenty minutes’ adaptation to the experimental lighting conditions 
was always allowed. No mydriatic was used, as in most of the experi- 
ments direct comparisons were made between two areas seen with the 
_ same eye. Six different observers were used, and the phenomena to be 
described were observed by all repeatedly; hence readings from only one 
set of results will be quoted; for as will be seen the results depend on the 
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presence or absence of flicker perception at a rate kept constant in each 
experiment, 80 hat nothing would be gained by giving tables of flicker 


uencies. 
Results. 


| The mirror M, was rotated till the test patch was dark. The observer 
fixed a point 10° or 20° in the periphery of the screen. Flicker was now 
introduced at a rate two or three flashes below the fusion frequency of 
the observer under the conditions present. Thus in one instance this 
rate was 30 per sec. (fusion frequency 33 per sec.), and the time required 
for this to fuse with constant fixation was 5 sec. The steady light was 
next fixed peripherally in exactly the same way for 5 sec. or more, and 
suddenly the flicker was reintroduced at 30 per sec. in the place of the 
steady light. It was at once perceived as flicker and took 5 sec. as before 
to fuse upon constant fixation. Following such fusion it could be 
recaptured temporarily by reverting to the steady light for 2 or 3 sec. 

Here then is an argument against the identity of local adaptation to 
flicker and light adaptation: peripheral fixation of a steady light of the 
same subjective intensity as the flicker does not lower the fusion fre- 
quency; that is, it does not have an effect similar to that of local adapta- 
tion to flicker ; indeed, it may even be used to abolish the effect of previous 
local adaptation to flicker. Hence it would seem that the adaptation is to 
the flicker itself and not to the light. 

Two of the other observers and I could obtain some local adaptation 
to flicker at the fovea, and we were convinced that the effect described 
above as occurring in the periphery also appeared with central fixation. 

Repeated attempts were made to detect some flaw in the above 
experiment; for instance, a very possible source of error was in imperfect 
fixation. But the results were so constant that there seemed no possibility 
of this being the explanation of the finding. 

There is also another possible source of error. Light adaptation is a 
much more rapid process than dark adaptation, and it might be possible 
that the eye could become adapted in the short light phases of the 
flicker to the full brightness (B) of the light, which in conformity with the 
Talbot-Plateau law was (with a fan giving equal dark and light periods) 
of an apparent brightness when flickering of only B/2. If this were so, 
then it would be understandable that a steady light of brightness B/2 
would cause less local adaptation than would the flicker light of brightness 
B. The steady light was therefore made equal to the light used for flicker 
(2 equiv. f.c.), so that the latter when flickering very fast appeared only 
half as bright as the steady one (t.c. 1 equiv. f.c.); the screen was at 

8—2 


~ 


4 
a 
vig 
3 
ag 
4 
if 
way 
va 
as 
I 
ag 
“9 


114 ‘DL. A. RIDDELL. 


1 equiv. f.c. Under these conditions the same experiment was xepeated. 
However, it was found difficult to get definite results. As before men- 
tioned, the surrounds were equal to the flicker in brightness so as to 
avoid after images; but now that the steady light was increased, the 
resulting negative after image was apparently confusing. Two of the 
observers were able to pick up the flicker if time were given for the after 
image to fade first, ee 


point. 


To procure this, direct comparison was employed. The two beams 
were placed side by side on the test patch so that there appeared two 
semicircles, one flickering and one steady. At high speeds they were 
equal in apparent brightness, and there was almost no boundary visible 
between them. | 

Let us call the left one A, and the right one B (Fig. 2 a). The flickering 
light on A can be swept across to replace the steady light on B, so that the 
flicker covers the whole area of the test patch (Fig. 2 5). 

A fixation point was taken 10° or 20° in the periphery as before; the 
flicker was set at a rate just below the ascertained fusion frequency (in 
one typical instance at 33 per sec., the fusion frequency being 35 per 
sec.), when the flicker involved only one half of the test patch. The flicker 
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was upon the area A while B was illuminated by the steady light, both 
being of apparent brightness 1 equiv. fc. After 3 sec. of steady fixation 
_ there was local adaptation to the flicker at A, and the two areas A and B 
became indistinguishable (Fig. 2 c). Then suddenly the mirror was turned 
so that the flicker beam was transferred to B as well, the rate being kept — 
constant (33 per sec.). Immediately flicker was perceived at B, but not 
at A, which remained fixed (Fig: 2 d), and on B it went through the usual 
evolution of gradual fusion as before, taking approximately the same 
time (3 sec.). 

That the reappearance of the flicker was not due merely to summation 
from the doubling of the area involved (Granit and Harper, 1930] was — 
shown by the fact that despite the poor definition at 20° in the periphery, 
it was possible to distinguish the fused area A adjacent to the flickering 
B, 

Moreover, the three observers who showed some local adaptation to 
flicker at the fovea were able to repeat the experiment with central 
fixation and so to observe the two areas very closely. There was no doubt 
then about their different behaviour one from the other. 

This central fixation revealed a further interesting point, namely, that 
when flicker appeared upon B while A remained fused, this flicker, before 
it disappeared, tended to spread across into the adjacent part of A 
(Fig. 2d). This is probably due to the summative effects of increased 
area, as described by Granit and Harper [1930]; so that the effect of 
local adaptation is temporarily overcome by an increase in the fusion 
frequency in the part of A nearest to B. 

The experiment just described confirmed the results of the first one, 
using the undivided test patch; so next the steady beam was made twice 
the brightness of the interrupted one when the latter was flickering. Thus 
the surrounds were at 1 equiv. f.c. as before, the flickering beam also at 
1 equiv. f.c., while the steady light was 2 equiv. f.c. The same procedure 
with areas A and B was then gone through again. Thus on one occasion 
the ascertained fusion frequency for area A was 25 per sec. With A at a 
brightness of 1 equiv. f.c. and flickering at 22 per sec., B being steady at 
2 equiv. f.c., fusion occurred on A in 4-5 sec. The flicker was then made to 
fall on B as well, and despite the fact that B now appeared darker than 
A and the surrounds, flicker was at once perceived on B (but not on A), 
and it took 4 sec. to fuse. Hence both with central and with peripheral 
fixation, the steady light on B failed to cause adaptation to the flicker, 
although the apparent brightness of the flicker when it appeared on B was 
considerably reduced by the negative after image of the steady light. 
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Indeed I myself was able to see the flicker at B even after stimulation by 
a steady light eight times the brightness of the flicker (8 equiv. f.c. and 
1 equiv. f.c.). Local adaptation to flicker cannot therefore be due to light 
adaptation to the bright phases of the flicker. 


Parr II. 


An attempt was made to parallel the above experiments with action 
potentials from the excised frog’s eye. 


Technique. 

A Matthews’ oscillograph was used. It was placed as usual in the 
anode circuit of a pentode; and there were four simple triode stages in 
front of this. The intervalve coupling was of the condenser-resistance 
_ type with 0-25 pF condensers. With this coupling potential changes across 


0 Fig. 3. 


the input were shown only momentarily at the output, the estimated time 
for the loss of half the input voltage being 1/16 sec., but the arrangement 
was quite suitable for the detection of flicker waves, especially if their 
actual shape was of no concern. For want of a proper camera the beam 
of light from the oscillograph mirror (0) was directed through a cylindrical 
lens (C) on to a small plane mirror (Z) mounted on the hour-hand spindle 
of an eight-day clock (Fig. 3). The escapement of the clock had been 
removed so as to allow of fairly rapid movement. The photographic 
plate (¥) was placed at the focal point of the lens. This recording 
apparatus was far from perfect, but a little practice enabled it to be 
used satisfactorily enough. 
The animal preparation was shielded in the usual way in an earthed 
_ metal box; and the electrodes were wool wicks making contact with the 
cornea and with the sclera at the posterior pole of the eye, and leading 
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to saline clay and silver silver-chloride wires. No mydriatic was con- 
sidered necessary since pupil changes in the frog are slow (cf. Granit and 
Riddell, 1934]. The stimulus was a test patch whose brightness was 
4 equiv. f.c., and the arrangement of the set was as in the human experi- 
ments except that the test patch subtended an area of 6°. 


RESULTs. 


It was intended first of all to check the observations on local adapta- 
tion to flicker made in Part I; but this intention was speedily modified, 
because no evidence of local adaptation to flicker could be found in the 


| 


frog’s eye. Thus Fig. 4 shows at A the response of an isolated light- 
adapted eye to flicker at 12 flashes per sec. just after its commencement; 
at B is shown the same response after the flicker had continued steadily 
for 5 min. (The rate of the flicker has not been altered, but the recording 
mechanism has been run a little faster at B.) There is no diminution in 
the waves; indeed in this particular case there is even a slight increase in 
them, due probably to some further slight degree of light adaptation 
(cf. Fig. 5). This absence of any attempt at flicker adaptation is very 
noticeable and very constant, limited only by death of the eye. In one 
case good flicker waves continued without diminution for ? hour. Similar 
results were obtained with eel’s eyes, though it was found much more 
difficult to get good flicker waves from them. This may have been due 
to the fact that frogs have both rods and cones (Cajal, 1909-11], while 
eels have almost entirely rods [Papperheim, quoted by Duke Elder, 
1930]. [Cf. Granit’s results in the cat, 1933.] — 
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Granit and Riddell [1934] showed that in the frog’s eye light adap- 
tation over even quite a small area (45 min.) makes the electrical responses 
of that area much more sensitive to flicker, just as light adaptation 
increases (though not so spectacularly) the fusion frequency of inter- 
mittent stimulation in man. But a still more striking effect, which has a 
direct bearing on the present problem, is shown in Fig. 5. Here at A is 


"Fig. 6 


part of the response of a dark adapted frog’s eye to flicker at 12 flashes 
per sec.; the result is virtually a straight line; for with the set-up used 
only rapid changes are recorded, so that the slow part of the b-wave and 
the c-waye due to the total light stimulus are not seen here [cf. Granit 
and Riddell, 1934]. The flicker stimulus was continued constantly at 
12 per sec., and in 2 min. active waves had appeared, as shown at B; 
these then continaed almost indefinitely (C is taken 5 min. later). Thus 
in the frog good light adaptation, as judged by the flicker response, can 
be obtained by a continuously flickering light; and there is no subsequent 
= of the response. 
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Discussion. 


Lythgoe and Tansley [1929] showed that in man light adaptation 
increases the fusion frequency. Granit and Riddell [1934] confirmed 
the same phenomenon in the frog’s eye, and showed how this occurred. 
Granit and v. Ammon [1930] found that local adaptation to flicker 
lowers the fusion frequency aiid, because of the similarity of the phe- 
nomenon to fixation blindness, they regarded it as due to localized light 
adaptation. The fact that generalized light adaptation in man, and 
localized adaptation in the frog, has been shown to raise the fusion 
frequency renders this hypothesis unlikely. 

Experiments in man have been described above which seem to indicate 
that local adaptation to flicker is indeed not identifiable with light 
adaptation, but that it is a phenomenon swi generis. | 

Further experiments on the frog’s eye showed that adaptation to 
flicker does not occur in that organ. Moreover, good light adaptation, as 
shown by raising of the fusion frequency, is obtained just as readily with 
a flickering as with a steady light; whereas if adaptation to flicker occurred 
in the frog’s eye, the effect (raising of the fusion frequency) might be 
expected to be masked in the case of light adaptation by a flickering 
light. Indeed several attempts that were made to show raising of the 
fusion frequency in man from light adaptation due to a flickering light 
gave very variable results, and it was thought that this might be explained 
by the presence of two opposed tendencies in man: viz. a raising of the 
fusion frequency by light adaptation and a coincident lowering of it by 
adaptation to flicker. | 

The work’of Knight Dunlap [1921] and of Mason N. Crook [1930], 
showing that “fixation blindness” has a cerebral component, is of 
interest here; for there is certainly a resemblance between that phe- 
nomenon and local adaptation to flicker. 


SuMMARY. 

Experimental evidence is presented showing that adaptation to flicker 
in man is distinct from adaptation to light. There is some support for the 
view that it may be a cerebral phenomenon in the absence of demon- 
strable adaptation to flicker in the frog’s eye. 


The special thanks of the author are due to Mr Hugh Cairns, Dr R. Granit and 
Prof. D. T. Harris; also to Messrs Fathi, Fergus, Miller, Morgan and Northfield of 
the Neurosurgical Clinic, and to Mr Loutit for acting as observers. 


‘ 

5 

4 

F 

ray 
‘ 
* 
12 
¥ 
4 
a 
Mag 
ian 
Pi, 
ag 

‘ 


REFERENCES. 


Cajal, Ramén y (1909-11). Histologie du Systéme nerveux de Vhomme et des vertebrée. 
Crook, M. N. (1930). J. gen. Psychol. 3, 313. | 

Duke Elder, W. 8. (1930). Text-book of Ophthalmology, 1, 100. 

Dunlap, K. (1921). American J. Physiol. 56, 201. | 

Granit, R. (1933). J. Physiol. 77, 207. 

Granit, R. and v. Ammon (1930). Amer. J. Physiol, 95, 229. 

Granit, R. and Harper, P. (1930). Ibid. 95, 211. 

Granit, R. and Riddell, L. A. (1934). J. Physiol. 81, 1. 

Lythgoe, R. J. and Tansley, K. (1929). Sp. Rep. Ser. Med. Res. Coun. 134. 


; 
Bisa 
Sim 
wa 
4 
4 
4 
“2 
4 
44 
4 
b's, 


121 


612.627:612.621.8 


THE EFFECT OF CESTRIN ON THE UTERINE 
REACTfVITY AND ITS RELATION TO EXPERI- 
MENTAL ABORTION AND PARTURITION. 


By J. M. ROBSON. 
Beit Memorial Research Fellow. 
(From the Institute of Animal Genetics, University of Edinburgh.) 
(Received. December 26, 1934.) 


Tuat the action of cestrin on the uterine muscle plays an important part 
in determining those changes which lead to the expulsion of the foetuses 
at parturition appears to arise from the following considerations: 

(1) Cistrin administered in vivo in the pregnant mouse sensitizes the 
uterine muscle so that the subsequent administration of oxytocin leads 
to the expulsion of live foetuses [Parkes, 1930]. 

(2) The administration of cestrin to the ovariectomized rabbit leads 
to the production of a degree of uterine reactivity to oxytocin similar to 
that observed at parturition [Robson, 1933]. 

(3) The injection of cestrin into the ovariectomized rabbit leads to an 
increase in the motility of the uterine muscle when this is recorded by the 
fistula method [Reynolds, 1931]. 

That the secretion of the corpus luteum is a factor in determining the 
alterations in the uterine muscle during pregnancy arises from the 
following facts: 

(1) In the rabbit the injection of certain extracts of the corpus sun 
inhibits the in vitro reactivity to oxytocin of the uterine muscle [Knaus, 
1929; Robson and Illingworth, 1931] and prevents the action of 
cestrin from increasing the reactivity [Illingworth and Robson, 1932]. 

(2) The injection of a luteal extract prevents the typical action of 
cestrin on the motility of the uterine fistula in the rabbit [Reynolds and 
Allen, 1932]. | 

(3) The injection of cestrin in the ahaa rabbit does not until the 
very latest stages of pregnancy increase the in vivo motility of the 
uterine muscle [Reynolds and Firor, 1933]. 
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It will be noted that in this positive experimental work with the 
luteal hormone the rabbit has consistently been used: there is no 
evidence that the corpus luteum exerts any such action on the uterine 
muscle of the mouse. On the contrary, the data adduced by Siegmund 
_ [1930a, 6] seem to prove that this is not the case. 

The finding that in the mouse certain definite changes in uterine 
reactivity occur during the various stages of gestation [Robson, 1934] 
led to an inquiry into the hormonic factors responsible for these changes, 
as compared with those observed in the rabbit; at the same time an 
attempt was made to determine to what extent the abortion experi- 
mentally produced could be correlated with the measurable action of the 
hormones on the uterine muscle. 

The experimental data can be conveniently divided under the follow- 
ing headings: 


(1) Investigation of the production of abortion with crystalline 


preparations of cestrin plus extracts of the posterior pituitary lobe. 

(2) Experiments on the action of ostrin on the uterine muscle of the 
ovariectomized animal. 

(3) Experiments on the action of cestrin on the uterus at various 
stages of pregnancy. 


THE PRODUCTION OF ABORTION WITH G@STRIN AND OXYTOCIN. 


These experiments were performed on thirty-nine mice. It was at 
first intended to investigate a larger number of animals, but while this 
work was in progress I learned that Dr W. H. Newton was carrying on 
@ similar investigation on a large scale. He very kindly communicated 
a number of his results to me and I decided only to perform sufficient 
experiments to determine whether the technique I was using could 
produce abortion. 

Mice 13-16 days pregnant were injected hourly for periods up to 19 
hours with crystalline ketohydroxyestrin in 10 p.c. alcohol. This was 
followed by injections of oxytocin. (A specially purified preparation of 
this posterior lobe hormone, for a supply of which I am indebted to 
Dr White, of Parke, Davis and Co., was used.) In a number of experi- 
ments either the unseparated extract, “‘pituitrin”, or oxytocin and 
vaso-pressin, were used. The full details of injections are given in Table I. 
The results are recorded according to the method suggested by Parkes 
[1930]. Immediate abortion includes all cases where live footuses were 
expelled within 12 hours of the last injection. The animals were carefully 
watched over prolonged periods, and in the majority of experiments the 
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| Tastn I. Showing the incidence of abortion in mice treated with astrin and the posterior lobe hormones. 
Oxytocin injections Vaso-pressin 


Days A Time ime 
pregnant Dose first 
ue ment No. hours mg. unite hours unite hours Remarks 
84 13 15 0-015 20 10 Delayed abortion 
85 13 15 ist 0-015 2-0 ist 10 ist ~ 
71 14 14 13 0-005 10 12 
10 13 
82 14 17 19 0-02 20 18 
7” «14 13 13 0-01 20 13 10 13 Normal litter 
108 14 13 13 0-01 20 13 10 13 Delayed abortion 
109 14 13 13 0-01 20 13 10 13 
70 15 13 14 0-005 10 12 ner ‘oak Normal litter 
14 18 0-01 Immediate abortion 
17 15 14 15 0-015 20 15 bine oh Delayed abortion 
78 15 14 15 0-015 20 15 ines ati 
80 15 17 19 20 18 Delayed abortion 
81 15 16 18 0-02 2-0 18 at oe Immediate abortion 
103 15 13 13 0-01 2-0 13 
104 15 13 13 0-01 2-0 13 — er ” ” 
105 15 13 13 2-0 13 
106 15 13 13 0-01 20 13 _ — Normal litter 
117 15 14 13 2-0 13 — —_ Dead — at nor- 
139 15 14 13 0-01 10 13 visa se abortion 
88 15 0-015 2-0 15 10 15 
89 15 15 15 0-015 2-0 15 10 15 is . 
91 15 15 15 0-015 20 15 10 15 i: ‘: 
99 15 13 13 0-01 2-0 13 10 13 Z “ 
100 15 13 13 1 13 10 13 ” ” 
sm 16 14 18 0-01 10 18 ak ‘ae Normal litter” 
14 16 14 18 0-01 10 18. 
i 114 16 14 13 0-01 0 3 7 
135 14 13 0-01 1-0 13 ee ae Delayed abortion 
136 16 14 13 0-01 10 13 wn ee abortion 
184 16 14 13 0-01 Pituitrin 1 unit 13 Immediate abortion 


expulsion of at least one foetus was actually observed. In a few cases the 
deduction of abortion has followed from the drop in weight of the animals, 
all of which were weighed at several stages in the experiment. 
It will be seen (Table I) that, in general, the treatment resulted in 
abortion in about 50 p.c. of animals. Thus out of fourteen animals treated 
: with cestrin and oxytocin on the 15th day of pregnancy nine showed 
immediate abortion, while out of twelve animals treated on the 16th day, 
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six showed immediate abortion. The proportion of abortions in the mice 
investigated at an earlier period (13-14 days) was lower. 2 

Ten animals were treated with cstrin and pituitrin or cestrin and 
oxytocin and vaso-pressin on the 15th-16th days of pregnancy, and of 
these eight showed immediate abortion. Though the numbers are small 
these results suggest that abortion is more likely to result when vaso- 
pressin is administered in addition to oxytocin. 


THE ACTION OF GiSTRIN IN OVARIECTOMIZED ANIMALS. 


In view of the results previously obtained in the rabbit [Robson, 
1933], the effects of cestrin injections over fairly prolonged periods were 
in the first place determined. The five animals used had been ovariec- 
tomized for some weeks before the beginning of the experiment and 
received injections over periods varying from 6 to 14 days. Up to the 
day of the experiment daily subcutaneous injections of 0-1 mg. of keto- 
hydroxycestrin in olive oil were given, but on the day on which the 
animals were killed and the uterine reactivity determined, a number of 
injections of 0-0025-0-01 mg. of cestrin in 10 p.c. alcohol were given at 
intervals of 1-2 hours, the last dose being administered 1 hour before 
the experiment. The details of the experiment are given in Table II, 


Taste II. Showing the effect of ostrin injections over fairly prolonged periods on 
the uterine reactivity to oxytocin (expressed as units per 100 c.c. of solution). 


Aqueous injections 
Period of A 
Animal injecti injectio: d each 
ons ns an at 

No in oil ent injection Reactivity 
M days No. urs mg. units 
4l 6 oe 8 0-0025 0-005 
42 8 4 64 0-005 0-01 
eo. . 8 4 6 0-005 0-005 
4a ees 3 6 0-005 0-02 
48 14 l 24 0-01. 0-01 


together with the reactivities of the uterine muscle. It will be seen that 
in all the cases the minimum effective dose of oxytocin was comparatively 
small, varying from 0-005 to 0-02 unit in 100 c.c. of solution. 

The relation of the period of injection to the reactivity developed was, 
in the next place, investigated on eleven animals which had been ovariec- 
tomized for varying periods from 2 to 14 days before the beginning of the 
experiment. The experiments may be divided into three groups: 

(1) Two animals which received injections over a period of 7 hours. 
(2) Three animals which received injections over a period of 12 hours. 
(3) Six animals which received injections over a period of 3-4 days. 
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In these groups 0-01 mg. of cestrin in solution in 10 p.c. alcohol was 
given at each injection. In the first two groups the doses were given 
practically at hourly intervals. In the third group the injections were as 


Tasiez III. Showing the effect of various periods of cestrin injections on the reactivity 
of the uterine muscle to oxytocin (expressed as units per 100 ¢.c, of solution). 


(Estrin injections Interval 
A between ovari 
N Period of poy No. of prc om Reactivity 
e t 
injection mg. ns days units 
87 . 7 hours 0-07 7 2 0-05 
92 Cn 6 2 0-05 
127 0-11 11 0-01 
128* a 0-12 12 3 >0-2 
130 RE és 0-12 12 2 0-02 
51 3 days 0-21 21 4 0-003 
55 0-21 21 4 0-003 
58 Ss 0-21 21 5 0-005 
59 a gs 0-23 23 6 0-003 
113 0-17 17 5 0-005 
0-28 28 5 0-005 
* See text. 


a rule given at 2-hourly intervals and were distributed over a pre of 
12 hours or more on the days preeding 
the experiment, while on the day of the? 
experiment injections were given over & 
period of 8 hours or more before the 
animal was killed. The data of these 
experiments are given in Table III. The 
results show that after a 7-hour injection 
period there is little if any effect on the 
reactivity; after 12 hours the reactivity 
in two out of three animals was compara- 
tively high, while in the third (M 128, see 
Table ITT) it was low, 0-2 unit of oxytocin 
in 100 ¢.c. of solution having no effect on 
the muscle. The uterus of this animal 
was, however, very small and seemed like 


an infantile organ, although the animal 

was mature. The condition of the uterus Shoring 

may possibly account for its failure to (M55 0006 

react to the cestrin injections. of oxytocin added to bath. Time 
In the animals injected for3o0r4days  %ervals=1 min. 


the reactivity attained at the end of that period was high, the minimum 
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effective dose of oxytocin lying between 0-003 and 0-005 unit per 100 o.c. 
of solution. This is illustrated in Fig. 1, in which the contraction of 
a uterus from an animal (M 55, treated with qoetrin for $ days) following 
the addition of 0-003 unit to the bath is shown. 


THE ACTION OF GSTRIN IN PREGNANT ANIMALS. 


Experiments were performed at two stages during gestation, namely: — 
(1) during early pregnancy (6-8 days), and (2) during the second half of ; 
pregnancy. The data are collected in Table IV. : 


to oxytocin of the uterus of pregnant animals 


with cestrin for 
Days pregnant 
oxytocin 
t 
of re- dose ts per 
injection activity Period No. mg. 100 ¢.0. Remarks 
93 14 14 7 hours 7 0-105 0-03 Footuses alive 
94 16 16 ee ee 7 0-105 0-05 ” 
15 15 7 0-105 0-05 
131 6 12 0-12 0-02 
14 14 | 12 0-06 0-005 Footuses alive 
65 15 ‘16 ee 13 0-005 0-01 ” 
96 16 16 oe 13 0-13 0-005 ” 
101 15 13 0-13 0-01 ” 
66 14 15 ST 13 0-065 0-005 ” 
15 16 14 0-18 0-02 ” 
14 16 Bi 18 0-18 0-005 ” 
6 8 3 days 15 0-15 0-02 Foetuses dead 
6 8 ing 19 0-19 0-01 ” 
13 15 19 0-19 0-002 ” 
12 14 & oe 20 0-20 0-002 ” 
14 16 oes 19 0-19. 0-002 Foetuses alive 
13 15 ee 19 0-19 0-01 Foetuses dead 
13 16 ee) nee 19 0-19 0-005 Aborting 24 hours after 
injection 
13 18 er 20 0°20 0-003 Foetuses expelled 3 days 
| | after last injection 
12 16 hy 32 0-32 0-003 — 12 hours after 
inj 
12 16 a % 21 0-21 0-005 Aborting 2 days after 
last inj 


In animals injected for less than 24 hours, hourly doses of cestrin were 
given. Mice injected for 3-4 days were treated exactly as the ovariec- 
tomized animals, t.e. they received 2-hourly injections over a period of 
12 hours or more on the days preceding the experiment, while on the 
day of the experiment the injections were given over a period of 8 hours 

_ or more before the animal was killed. 

(1) Laparotomy was performed in the animals injected in the early 

stages of gestation, on the day before the first injection, in order to 
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establish the state of the uterus. One animal (M 131) received twelve 
hourly injections, after which the uterine horns responded to a dose of 
oxytocin of 0-02 unit. Two mice (M123, M 129) were injected with 
cstrin from the 6th to the 8th days of preg- 

nancy, and the reactivity of the uteri was 

respectively 0-02 and 0-01 unit per 100c.c. 

of Ringer-Locke. In the case of the animal 

injected for 12 hours the reactivity attained 

was as high as would have developed in the 

non-pregnant mouse, but in the animals 

treated for 3 days the uterine reactivity was 

rather less than would be obtained in the 

non-pregnant animal. In these latter, i.e. 

pregnant animals injected for 3 days, the 

treatment with cestrin resulted in the death 

of the foetuses which were found to be in the 

early stages of absorption. 

(2) The following groups of animals in 
which the experiments were started on or 
after the 12th day of pregnancy were in- 
jected with cestrin: 2 

(i) Three mice (M 93, M 94, M 95) were 
injected over a period of 7 hours. The re- 
activity attained in these was 0-05-0-03 unit 
of oxytocin. These results, compared with 
those obtained in untreated animals at the 
same stage of gestation [Robson, 1934], 
suggest that over the short period the cstrin , 
has had no effect on the uterine reactivity to Fig. 2, Showing the in miro reac- 


tivity to oxytocin of uterine 
0 strip from a t mouse 


(ii) Four mice (M64, M65, M96, M101) Signal, 
were injected over a period of 12-13 hours 
and the uterus reacted to doses of oxytocin 

varying from 0-01 to 0-005 unit of oxytocin per 100c.c. There appears to 
be no doubt that the cestrin, when administered during the period in ques- 
tion, exerted a definite effect on the uterine reactivity. The footuses were 
alive in all cases at the end of the periods of injection. 

(iii) Three animals (M66, M 102, M111) injected over periods of 
17-21 hours. The uterine strips removed at the end of these periods — 
showed, in two cases, a reaction to a dose of oxytocin of 0-005 unit 
PH. LXXXIV. 


a 
ay 
a 
x 
x 
og 


128 J. M. ROBSON. 


per 100 c.c. and to 0-02 unit in the third. The fctuses were still 
alive. 

(iv) Four mice (M 57, M 60, M 112, M 113) injected over a period of 
3 days. In three of these animals the uterus reacted to a dose of oxytocin 
of 0-002 unit in 100 c.c., while in the fourth animal the minimal effective 
dose was 0-01 unit. Fig. 2 illustrates the reaction to oxytocin of the 
uterus of animal M 112. In this animal the foetuses were still alive after 
the injections, but in the other mice the footuses were dead and showed 
early signs of absorption. : 

(v) Four animals were injected with cestrin over a period of 3 (M 45, 
M 52, M 68) or 4 (M53) days, but the uterine strips were not removed 
immediately after the period of injections but some time later when 
abortion occurred. This procedure was adopted in order to determine 
whether the changes occurring after a period of injections and resulting 
in the expulsion of some of the uterine contents were accompanied by any 
definite alterations in the uterine reactivity. The results were as follows: 

M 45. Injected from the 13th to 15th days of pregnancy. On the 
16th day there was profuse hemorrhage. At that stage uterine strips 
were removed; three dead foetuses were found in one horn while the other 
horn was empty and had expelled its contents (as could be determined 
from its appearance). The uterine muscle responded to 0-005 unit of 
M 52. Injected from the 13th to 15th days. Abortion (? parturition) 
occurred on the morning of the 18th day. Laparotomy was performed 
and three dead and one living foetuses were still in the uterus. Strips 
removed at this stage reacted to a dose of oxytocin of 0-003 unit in 
100 

M 53. Injected from the 12th to 15th days of gestation. On the 
morning of the 16th day the abortion of a macerated fostus and placenta 
was observed. Laparotomy was performed and the uterus contained a 
number of absorbing foetuses. Strips were removed and reacted to 0-003 
unit of oxytocin. 

- M63. Injected from the 12th to 14th days of pregnancy. On the 
16th day dead foetuses and placente were aborted. The uterus still 
contained two absorbing foetuses. Uterine strips omens at this stage 
reacted to 0-005 unit of oxytocin. 

These results consistently show that delayed dees following a 
period of cestrin injections is accompanied by a state of the reactivity of 
the uterine muscle in vitro to oxytocin similar to that observed at normal 
parturition. | 
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SPONTANEOUS ACTIVITY. 


The spontaneous activity of the various preparations has also been 
determined by the quite arbitrary method of measuring the heights of 
the contractions on the tracings. The data for the various injection 
periods are represented in Table V in which are also given, for the purpose 


TaBiez V. Showing the spontaneous activity exhibited by the uteri of pregnant and 
parturient (P) animals and of mice injected with cestrin for different periods. 


Animal Duration of Spontaneous activi 
N 0. Days cstrin ty 
M injections (i) (ii) 
6 14 6-0 6-0 
21 416 55 12-0 
18 16 _— 10-0 >12-0 
7 | 16 _ 5-0 11-0 
2 P one 8-0 11-0 
9 P one 11-0 13-0 
10 P oi 6-0 7-0 
31 6-0 9-5 
93 14 7 hours 13-0 14-0 
95 15 11-0 12-0 
94 16 9-0 11-0 
64 14 13-0 16-0 
65 15 Esa 13-0 17-0 
101 15 i... 8-0 14-0 
96 16 ea 20-0 

15 9-0 13-0 

102 16 ie 16-0 20-0 
lll 15 8-0 9-5 
60 14 3 days 75 8-5 
57 15 3» 5:0 70 
113 15 Bee 8-0 9-0 
112 16 7-0 10-0 
45 16 nee 45 17-0 
53 16 2:5. 

63 16 13-0 
52 18 ae 13-0 20-0 


of comparison, results obtained in the normal mouse at the 14th-16th 
days of gestation and at parturition [Robson, 1934]. The method used 
does not appear to show any marked differences in the spontaneous 
activity of uteri from animals injected with cstrin for various periods 
and from normal pregnant and parturient mice. 


Discussion. 


The results of these experiments show consistently that the injection 
of cestrin in both the ovariectomized and the pregnant mouse is followed 
by an increase in the reactivity of the uterine muscle to oxytocin. More- 
9—2 
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_ over, there appears to be a definite relation between the time period over 
which the injections are distributed and the degree of reactivity attained. 
If the cestrin treatment extends over 7 hours there is no appreciable 
action; administration over a period of some 12 hours results in a uterine 
reactivity equivalent to about 0-02-0-005 unit in 100 c.c. of Ringer- 
Locke, and the same result is obtained when the period is prolonged up 
to 21 hours; it is only when the duration of injection is still further in- 
creased (up to 2-3 days) that a still higher reactivity (0-01-0-002 unit per 
100 ¢.c.) equivalent to that characteristic of parturition [Robson, 1934] 
is reached. It is to be noted, that the relation of the period of cestrin 
treatment to the uterine reactivity produced is similar in both the 
ovariectomized animal and the mouse investigated in the later stages of 
pregnancy. 
In those animals injected with cstrin during the earlier stages of 
gestation the uterine reactivity attained was also high, though perhaps 
_ slightly less than would have been produced in the ovariectomized 
animal or in the mouse in the later stage of pregnancy. These results 
support the conclusion derived from the data of Siegmund [1930a, }] 
and of Robson [1934] that the corpus luteum plays little or no part in 
the determination of the uterine reactivity to oxytocin in the mouse, 
both in the earlier and in the later stages of gestation. 
The findings on the action of cestrin plus oxytocin in the pregnant 
mouse show that crystalline ketohydroxycestrin can sensitize the uterus 
to the posterior lobe hormone, the subsequent action of which leads to 
abortion. (These results agree with those of Newton [1934].) Moreover, 
the oxytocin is effective in expelling the footuses at a time when the 
cestrin administered has already very appreciably raised the reactivity 
of the uterine muscle, though the level reached is not yet as high as that 
observed at parturition. It appears, moreover, possible that the failure 
of the cestrin plus oxytocin treatment to produce abortion in all the 
_ experimental animals is related to the fact that the uterine reactivity had 
not been raised to the maximum level characteristic of parturition. In 
any case these results further support the view that the reactivity of the 
uterine muscle, as measured in vitro, bears a significant relation to the 
state of the uterus in the intact animal and its ability to react function- 
ally to the stimulus of oxytocin. 
Nevertheless, the animals in later pregnancy injected with cestrin over 
@ period of 2-3 days present a difficulty, for in these cases the uterine 
reactivity reached is as high as that obtaining at parturition, yet the 
uterine contents are not expelled. Moreover, this treatment almost 
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invariably results in the death of the footuses. At least three explanations 
of these findings appear possible, namely: 

(1) That although the necessary high uterine reactivity has been 
reached, the concentration of oxytocic substance present under these 


: _ experimental conditions is not sufficient to bring about uterine contrac- 


tions adequate to expel the foetuses. 

(2) That the prolonged treatment with cestrin is associated with © 
certain processes (which usually lead to the death of the foetuses), and 
_ under such conditions the uterus is unable to expel its contents. The in- 
flamed appearance of the uteri in these animals is compatible with the 
view that the contractile efficiency of the uterine muscle has been inter- 
fered with. Actual death of the foetus is, however, not essential for such 
interference, as in one experiment (M 112) the footuses were still alive 
after a 3-day treatment with cstrin, although the uterine strips reacted 
to 0-002 unit of oxytocin per 100 c.c. of Ringer-Locke. Why such an 
interference does not occur at normal parturition when an intense cestrin 
action is presumably one of the factors concerned cannot at present be 
explained, though the actual doses of hormone involved may be of im- 
portance. In this connection it is of interest to note that we have, in 
several animals, been able to interfere with normal parturition by the 
injection of large doses of cestrin during the last few days of pregnancy. 

(3) The possibility of the existence of some substance which may 
interfere with the contractions of the uterus, even though the muscle is 
reactive to oxytocin and the necessary oxytocic stimulus is present, 
cannot be excluded. That there exists a substance which interferes with 
the contractions of the uterus in vivo even though the uterus is reactive 
to oxytocin is suggested by the experiments of Tausk, Fremery, 
Luchs and Reynolds [1934]. 

The fact that the delayed expulsion of foetal remains following the 
prolonged treatment (t.¢c. 2-3 days) with cestrin is associated with a high 
uterine reactivity is of considerable interest, as it shows that such 
treatment does ultimately produce the conditions necessary for the 
evacuation of the uterus, and that these conditions include a high uterine 
reactivity to oxytocin. The failure of Newton [1934] to produce any 
delayed abortions in his experiments is very probably due to differences 
in dosage, as the amounts of cestrin he used were considerably smaller 
than those used in this investigation. What mechanism is involved in the 
production of this delayed abortion and associated uterine condition is, 
however, unknown, and the question requires further investigation. 
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SuMMARY. 


The production of abortion in mice injected with crystalline keto- 
hydroxycestrin and extracts of the posterior pituitary lobe has been 
experimentally investigated. 

The alterations in the in vitro reactivity to oxytocin of the uterus of 
pregnant and ovariectomized mice treated with cestrin for varying 
periods have been determined. Injections over a 7-hour period exert no 
demonstrable effects; a definite increase in reactivity results when the 
time of injections is increased to 12-21 hours; and when the injection 
period is still further increased to 2-3 days the reactivity attained is of 
the same order as that observed during normal parturition. Nevertheless, 
the pregnant mice so treated abort only 1-3 days after the cessation of 
cestrin injections. 

The injections of estrin do not appreciably increase the spontaneous 
rhythmic activity exhibited in vitro by the uterine strips of pregnant 
mice, 

‘The relation of the results on abortion and uterine reactivity to the 
processes occurring during pregnancy and parturition is discussed. 

I should like to express here to Dr W. H. Newton, who has been performing similar 
investigations, my sincerest thanks for his very helpful exchange of views and results. 

The expenses of this investigation have been defrayed by grants from the Medical 
Research Council, the Royal Society and the Moray Fund of the University of Edinburgh. 
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THE SYNERGISM BETWEEN CESTRIN 
AND OXYTOCIN. 


By G. F, MARRIAN anv W. H. NEWTON. 


(From the Department of Physiology and Biochemistry, 
University College, London.) 


(Received December 26, 1934.) 


In 1928, Bourne and Burn reported that cestrin rendered the excised 
muscle of the guinea-pig’s uterus more than usually sensitive to oxytocin, 
but at this time no crystalline preparation of cestrin was available. In 
1932, Heller and Holtz, on the basis of similar experiments performed 
with crystalline cestrin, denied this, and stated that cestrin had no effect 
on the response to oxytocin. Bourne and Burn then repeated their 
work [1932] and withdrew their previous results on the ground that the 
old preparation of cestrin which they had used was not protein-free, 
protein having been shown to have a “sensitizing” effect. Jeffcoate 
[1932] also reported negative results, while the present authors [Marrian 
and Newton, 1932; Newton, 1933] showed that cstrin actually de- 
pressed the response to oxytocin of isolated uterine muscle from virgin, 
odphorectomized, and pregnant guinea-pigs. 

Meanwhile Parkes, in 1930, had produced immediate abortion, in a 
certain proportion of pregnant mice, by following up 12 hours of cestrin 
injection with the injection of an amount of oxytocin (Parke-Davis 
“‘pitocin”) to which their uteri were normally insensitive. At the time 
when these experiments were made, they appeared to confirm the 
original conclusions of Bourne and Burn. The investigation recorded 
in this paper was started in 1932 when it seemed desirable, in view of our 
results im vitro, to repeat with crystalline cstrin the experiments of 
Parkes, which, like those of Bourne and Burn, had been — 
before this was available. 


METHOD. 


Parkes, in his original work, covered a wider field than was con- 
templated by us in that he investigated (a) the amount of oxytocin alone, 
and (b) the amount of cestrin alone, — to produce abortion in 
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pregnant mice. From the results he was able to choose suitable sub- 
minimal doses of the two hormones for working out the synergism between 
them. In this part of his work he administered 260 units of cstrin in 
thirteen hourly subcutaneous injections, following up the last dose with 
0-25-4-0 units of oxytocin. The mice were from 13 to 17 days pregnant, 
and it was found that if 1 or more units of oxytocin were administered, 
immediate abortion followed with fair regularity. 

In order to obtain uniform results in the present experiments, it was 
finally decided to employ pregnant mice at the 15th day of pregnancy, 
and to adhere to 1 unit of Parke-Davis “pitocin”. Instead of Parkes’ 
260 units, 400-500 units of cestrin were injected over the thirteen doses. 
_ The same pure strain of mice was used by us as by Parkes. 


of pregnancy 
0 5 10 15 20 
35.2 B | L 
= 30 
25 


wt.=7-0 g. P=vaginal plug; B=blood per vaginam; L =litter. 


A buck was placed with the does, and the latter examined daily for 
vaginal plugs. Those with plugs were separated, dated, and weighed daily 
from the 8th day of pregnancy onwards (Fig. 1). Pregnancy was con- 
firmed both by an increase in weight, and the appearance on about the 
11th day of blood in the vaginal smear. On the 15th day the animals 
were injected and subsequently observed for some hours for the occur- 
rence of immediate abortion; in the absence of this, the occurrence or 
otherwise of parturition at full term, together with the direction of the 
weight curve on the intervening days, indicated if the foetuses had been 
killed tn utero on the 15th day and then reabsorbed by the mother instead 
of having been aborted. 

The following preparations of cestrin were used: 

__ (1) Pure crystalline cestrone, whose potency, assayed by the method 
of Marrian and Parkes [1929], was about 17 million m.v. per g. 0-5 mg. 
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of this was dissolved in 25 c.c. of 10 p.c. alcohol, hot absolute alcohol 
being used first and the solution diluted. In some experiments 25 c.c. 
of N/200 NaOH were used as the solvent. 

(2) Pure crystalline cestriol, containing 7-9 million m.v. per g. 
0-5 mg. were dissolved in 12-5 c.c. of 10 p.c. alcohol, or 125 c.c. of N/200. 
NaOH. 

(3) Urine extract. This was kept in absolute alcohol, of which 100 c.c. 
contained 0:5 g. of the phenolic ether-soluble fraction of pregnancy urine 
and possessed a potency of 700,000 m.v. 0:5c.c. of the stock solution was 
made up to 10 c.c. with water, or evaporated to dryness in nitrogen and 
dissolved in 10 c.c. of N/200 NaOH. 

All of these solutions were of such a strength that the 1-3 c.c., adminis- 
tered over 12 hours to a mouse, contained between 400 and 500 m.v. 
The dose required to produce an estrous reaction strong enough for 
mating is about 200 m.v. [Marrian and Parkes, 1930]. Only rarely was 
a solution kept for more than two weeks, and never for more than three. 


METHOD OF CLASSIFYING RESULTS. 


Parkes classified his results under the headings “immediate abor- 
tion”’, “‘delayed abortion”’, “doubtful result’, and ‘“‘no effect”. 

“Immediate abortion” was defined as the abortion of live foetuses 
within 6 hours of the pitocin injection. In the main we have accepted this 
definition, but were forced to extend it slightly owing to the difficulty of 
registering immediate abortions. At first, the mice were left after the last 
injection and the cage inspected for foetal remains at frequent intervals, 
but at one period (during the autumn of 1933) it was found that the mice 
were eating the whole of the abortion and leaving no trace. Various 
devices, such as inverting the cages so that the animals were on the open 
bars, were employed to overcome this difficulty, but direct observation 
proved that it was not necessary for the mouse to drop the abortion at all; 
with the mouth and two front paws, which were used like hands, the 
fostus could be withdrawn from the vagina and consumed immediately. 
After this, direct continuous observation was resorted to, but even then 
it was difficult to be absolutely certain whether abortion had occurred 
or not. The mice all appeared excited after the pitocin, and their rapid 
manceuvres were not easy to follow; the footus was always delivered with 
the help of the mouth, which was then so placed as to be invisible, and it 
could be consumed in less than 2 min. These disadvantages were offset 
by the fact that abortion was usually multiple, and it was noted that if 
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Days pregnant | 
10 15 20 
B B Ab L 


Fig. 2, Extreme types of weight curve in experiments where abortion was actually observed. 

e—e Mouse 304, 15th day: 0-1 0.c. cestriol solution (@.) hourly to thirteen doses. 1 unit 
Parke-Davis pitocin (Pit.) with last dose. Abortions 40, 50, 65, 75, 90, 100 and 120 
min. after pitocin. 

x— x Mouse 310. 15th day: As mouse 304. Abortion of at least two foetuses 50 min. after 
pitocin. 20th or 21st day: live litter of 5; wt.=7-8 g. P=vaginal plug; B=blood per 
vaginam; Ab. =abortion; L =litter. The curve to which each letter refers is indicated 
diagramatically. 


Days pregnant 
0 10 15 20 
30 
25 Fat § \, 
Pit? 


20 
Fig. 3. Extreme types of weight curve from which abortion was deduced, without having 
actually been seen. 
e—e Mouse 143. 15th’ day: 0-1 c.c, alkaline pregnancy urine extract (Hzt.) hourly to 
thirteen doses. 1 unit Parke-Davis pitocin (Pit.) with last dose. 


x—-% Mouse 221. 15th day: As mouse 143. Bloody vaginal discharge 2} hours after 


pitocin, 21st day: live litter of 2; wt. =3-6 g. P=vaginal plug; B= blood per vaginam:; 
L=litter. 
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immediate abortion was going to occur it usually did so within the first 


hour and a half after the last injection. 

In view of these facts, and the shape of the weight curve after authentic 
abortion, if an animal lost two or more grams in weight overnight it was 
included in the “immediate abortion” group (Figs. 2 and 3). Also, where 
some of the litter were aborted and some carried to full term, the result 
was classed under the same heading, since it was thought sufficiently 
indicative of increased uterine activity. This only occurred in one or two 
experiments (e.g. Fig. 2). Out of forty-one immediate abortions recorded 
altogether, nine were classified on a weight basis, the overnight losses _ 
being 3°8, 3°3, 3-0, 2-8, 2-5, 2-2, 2-2, 2-0, and 2-0 g. respectively. In one 
case there was a dead litter of one at full term, and in two other cases 
(see Fig. 3) live litters of two and three respectively. On the whole, the 
proportion of immediate abortions must have been underestimated, since 
in cases where abortion was actually seen, the drop of weight recorded 
the next day was not always as much as 2 g.; on one occasion the weight 
actually rose after the abortion of three footuses. 

Parkes defined “delayed abortion” as abortion of (usually) dead 
foetuses 36-48 hours after the last injection. In our experiments this was 
rare, termination of pregnancy being nearly always due to immediate 
abortion of foetal reabsorption. Parkes probably could not write 


with confidence about the latter, as he did not weigh his mice, but our 


weight curves, combined with the absence of parturition, show re- 
absorption very well (Fig. 4). We have therefore adopted the term ‘foetal 
death in utero” [Parkes], whieh includes delayed abortion, reabsorption, 
and mummification (rarely confirmed). The wide scope of Parkes’ in- 
vestigation has already been mentioned; it included experiments with 
large doses of cestrin alone, which would make a “delayed abortion” 
class essential. It will be noticed that Robson [1935] also records a high 
incidence of delayed abortions, but he also used many times our dose of 
cestrin, and his results must not be confused with ours in a quantitative 
sense, 

Parkes’ “doubtful result” class included cases where the foetuses 
were still-born at term, and where some of the litter were aborted and 
some carried to full term. We have dispensed with this heading, but as a 
matter of interest have subdivided our class of “litter at full term” into 
“normal” and “abnormal”; for purposes of computation we have ig- 
nored the subdivision, since the occurrence of dead foetuses is of doubtful 
significance. All the litters were weighed, and the dead foetuses were 
found to weigh just as much as the others (a little over 1 g.), so that their 


d 

m3 
“a0 
iy 
AS 
ag 
ra 
i 
; 


138 G. F. MARRIAN AND W. H. NEWTON. 


death is to be attributed to some defect in the birth mechanism rather 
than to the action of pitocin on the 15th day. 

It is clear from the weight curves that some results have been in- 
cluded in the “‘litter at full term” class which might have found a place 
in the group of “fostal death in wero”’. In such experiments, the curve, 


Days pregnant 
0 5 10 “45 20 
B 


Weight (g-) 


Fig. 4. Weight curve showing reabsorption. 
Mouse 237. 15th day: 0-1 c.c. alcoholic pregnancy urine extract (#zt.) hourly to thirteen 
doses. 1 unit Parke-Davis pitocin (Pit.) with last dose. No abortion, nor litter 
observed. P=vaginal plug; B=blood per vaginam. _ 


: 


Days pregnant 
0 - se 10 15 20 
\ 
| 
Pit, 
25 


Fig. 5. Weight curve showing reabsorption of part of litter. 

Mouse 281. 15th day: as mouse 304 (Fig. 2). No abortion seen. 2Ist day: live litter of 1; 
wt.=1-3g. (This, being a particularly glaring case, was not classified, and was omitted 
from the results.) P =vaginal plug; B=blood per vaginam; L =litter; @. =cestriol; 
Pit, = pitocin. 

instead of continuing to rise after the injection, either remained nearly 
level till full term, or dropped somewhat for a day or two and then rose. 
This probably means that some of the footuses had been killed and 
reabsorbed, while the rest had continued to live and grow (Fig. 5). The 
evidence is not so satisfactory as in the case of partial abortion, however, 
and it indicates a less severe interruption of pregnancy than does com- 
plete reabsorption. For these reasons, and in order not to multiply the 
types of result, such cases have been classified as “litter at full term”. 
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Including control observations, fifteen varieties of the general experi- 
ment were performed. The number of mice to be used in each was pre- 
determined, and if there was the slightest doubt about the validity of a 
particular experiment, or if the data were in any way insufficient for 
proper classification, that animal was neglected and the — made up 
to the full number by a further 


RESULTS. 


The numerical results are indicated sufficiently clearly in the table, 
but the first column, which describes the nature of the experiments, 
requires some elaboration. The various groups will be considered in order. 


TaBLE OF RESULTS. 
Litter at term 
Total Im- Foetal -C. p.-c. im- 
number mediate death tter mediate 
Group and nature of injection of mice abortion in utero Normal onl at term abortion 


(1) No interference. The mice ‘were not injected, but simply weighed 
from the 8th day of pregnancy onwards, in order to form some idea of 
the shape of the normal pregnancy weight curve. Many of the curves 
were like that shown in Fig. 1, and may be regarded as “perf 
Sometimes the curve rose steeply at first, and then flattened somewhat; 
according to subsequent observations during laparotomy by one of us 
(W. H. N.), this was almost certainly due to reabsorption of one or more 
of the foetuses in the first half of pregnancy, the rest of the litter develop- 


ing normally. 


— 


1. No interference ll 10 100 
2. Pitocin alone 10 9 100 
3. 10 p.c. alcohol + immediate pitocin 10 1 1* 8 —_ 80 — 
4, Cstrone alone 10 1 8 1 90 —_ 
5. Cstriol alone 10 — 1 9 — 90 — 
6, Cstrone + immediate 20 7 3 8 2 50 35 
7. pra immediate — 20 9 4 5 2 35 45 
8. Alcoholic extract + 
20 9 4 6 1 35 45 
9. N/200 NaOH + immediate pitocin (in- 3 
cludes five 14th day exps.) ll 1 2 8 — 73 — 
10. Gstriol in V/200 NaOH+immediate 
itocin (includes five 14th day exps.) ll 3 4 3 1 36 27 
ll. Alkaline pregnan urine extract + 
12. ours pitocin 1 
13, Gstrone +40 hours pitocin 10 — 2 4 4 80 — 
14, Cstriol + 15 hours pitocin 10 — 1 7 2 90 _ 
15, Cstriol +40 hours pitocin 10 1 l 7 1 80 10 
* This (grou fee re cee of partial reabsorption of litter, with the rest carried on to full term 
Fig. 5). pbiron pad of its place (see text), to show that the “immediate abortion” in the preceding 
was not a 
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(2) Pitocin alone. The mice were given 1 unit of Parke-Davis pitocin, 

subcutaneously, on the 15th day of pregnancy, without any preliminary 
injection of wstrin. The weight curves were indistinguishable from those 
of the last group, and actually showed a greater proportion of “perfect” 
curves. 
(3) 10 p.c. alcohol +immediate pitocin. In order to control the amount 
of fluid in which the cestrin must necessarily be dissolved (corresponding 
to 4 litres in a man), thirteen hourly doses of 0-1 o.c. of 10 p.c. alcohol 
were administered, 1 unit of pitocin being given with the last dose. The © 
result should be studied in relation to that of group 9. 

(4) Gistrone alone. The mice were injected hourly on the 15th day of 
pregnancy with thirteen doses of 0-002 mg. of cestrone dissolved in 0-1 c.c. 
of 10 p.c. alcohol. | | 

(5) Gstriol alone. CEstriol was injected on the 15th day of pregnancy 
in thirteen hourly doses of 0-004 mg. in 0-1 c.c. of 10 p.c. alcohol. On the 
basis of mouse units of cestrin, the dosage in groups 4 and 5 was the same. 

(6) Gistrone+immediate pitocin. The cestrone was given exactly as 
in group 4, but with the last dose 1 unit of pitocin was injected. - 

(7) Gstriol +-immediate pitocin. The treatment was the same as in 
group 5, but with the last dose 1 unit of pitocin was injected. 

(8) Alcoholic pregnancy urine extract + immediate pitocin. At the time 
when these experiments were made, our percentage of immediate abor- 
tions in groups 6 and 7 did not appear to be approaching the value 
obtained by Parkes; there had also been reports [Illingworth, 
Marshall and Robson, 1932; Jeffcoate, 1932] of a substance, sensi- 
tizing the uterus to oxytocin, in urine extracts free from all the known 
sex hormones. An extract of pregnancy urine was therefore made which 
was, as nearly as possible, the same as that used by Parkes in his 
original experiments. It was so dissolved that the same dose in mouse 
units could be given over the same time, and in the same amount of fluid 
(10 p.c. alcohol) as the crystalline cestrin solutions. This was done on the 
15th day of pregnancy, and 1 unit of pitocin given with the last injection. 

(9) N/200 NaOH +immediate pitocin. It was recalled by one of us 
(G. F. M.) that Parkes’ original extract was made up in alkali, and in 
view of numerous published observations on smooth muscle [e.g. Mc- 
Swiney and Newton, 1927a, bj, showing that it is frequently more 
active in alkaline solutions, it was necessary to perform further experi- 
ments with sodium hydroxide solution as a vehicle instead of alcohol. In 
this group, the preliminary control experiment was made of giving 
thirteen hourly doses of 0-1 c.c. of N/200 NaOH and 1 unit of pitocin 
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with the last dose. Five out of eleven of these injections were made on : 
the 14th day of pregnancy, and six on the 15th; exactly the same varia- 
tion was made in group 10. 

(10) Gstriol in N/200 NaOH + immediate pitocin. This was a repeti- 
tion of group 7, the dose of cestriol and the amount of fluid being the 
same, but the solvent being N/200 NaOH instead of 10 p.c. alcohol. 
Although there were less immediate abortions than in group 7, pregnancy 
was interrupted in the same proportion of cases. 

(11) Alkaline pregnancy urine extract + immediate pitocin. The experi- 
ment of group 8 was repeated exactly, as far as the dose of extract and 
amount of fluid were concerned, but again N/200 NaOH was used instead 
of 10 p.c. alcohol. : 

Groups 12, 13, 14 and 15. These were variations of groups 6 and 7, 
the cestrone or estriol being given in the usual way, but the pitocin, 
instead of being injected with the last dose, postponed for 15 or 40 hours 
after this. 

There is only one respect in which these experiments are not exactly comparable with 
the “immediate pitocin” groups, namely, that if the wstrin injection was made on the 
15th day, the pitocin injection would fall on the 16th or 17th, whereas if the pitocin was 
given on the 15th day, the cestrin would come earlier than usual. The latter alternative was 
adopted for two reasons: (a) the reactivity of the uterus to oxytocin might be expected to 
increase spontaneously towards the end of pregnancy, and (5) the dose of cestrin used was 
probably large enough to produce the same effect on the 13th and 14th days as on the 15th. 

In the early stages of the investigation, thirty-five mice were injected 
as described for groups 1-11, on the 13th, 14th, and 16th days of preg- 
nancy. In order to avoid confusion, these results are not presented, but 
they show good agreement with those recorded in the table. 

Including 100 cases observed by one of us (W. H. N.) during other 
work, 636 vaginal plugs were recorded, and of these 393 proved fertile, 
4.¢. 62 p.c. Some uncertain plugs were treated as true plugs, so this ndex 
of the fertility of copulation is probably low. The true figure, however, is 
almost certainly not more than 70 p.c. 


Discussion. 


The results require little explanation. If cestrin is injected over a 
given period and followed by oxytocin, the effect observed may be due 
(a) to the oestrin, (b) to the solvent, regarded either as a chemical sub- 
stance or simply as fluid, (c) to the oxytocin, or (d) to a combination of — 
these; all four possibilities have been taken into account. It will be seen 
from the table that pitocin by itself is without effect, while ostrin alone 
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in 10 p.c. alcohol has so little effect that it was thought unnecessary to 
investigate the alcohol separately. Alcohol followed by pitocin has a 
small but quite definite influence, and we incline to the view that the 
injection of a quantity of fluid in some way renders the uterus more 
sensitive to oxytocin. A similar series of injections, using N/200 NaOH 
instead of 10 p.c. alcohol, has a somewhat greater effect, and although 
the difference is not large, it is possible that the alkali exerts an influence 


of its own. The increased incidence of interrupted pregnancy, in those 


groups where cestrin is given and followed immediately by pitocin, can 
only be due to the combination of wstrin and oxytocin. The preparations 
containing oestriol (groups 7, 8, 10 and 11) seem more effective than that 
containing cestrone (group 6), but the difference is not great enough to 
justify any definite conclusions, and is possibly due to the number of 
mouse units not being strictly equivalent. , 

Doisy and his school (Curtis and Doisy, 1931], and one of us (G. F. M., 1931] have 
claimed that oestrone is about twice as potent as cstriol when tested on ovariectomized 
animals, Butenandt [Butenandt and Hildebrandt, 1931], on the other hand, finds 


cestriol to possess only a small fraction of the potency of estrone, and the wide dissemina- 
tion of this view has led to the erroneous belief that cestriol is a relatively inert substance 


of little physiological significance. It seems certain that the discrepancy is entirely attri- — 


butable to differences in the technique of assay and to the qualitatively different physio- 
logical action of the two compounds. 

The results reported in the present paper provide further evidence that the physio- 
logical potencies of oestrone and cstriol are of the same order of magnitude. In this con- 
nection it may be recalled that Curtis and Doisy claimed that cestriol is even more 
potent than cestrone when tested on immature intact animals. 

As far as the proportion of normal litters is concerned, the substitution 
of sodium hydroxide for alcohol, as a solvent, does not seem to have much 
effect; also, although the greatest proportion of immediate abortions is 
seen in group 11, the least is in group 10, therefore, although the alkali 
may have had a slight influence as indicated by group 9, this is quite 
unimportant and may be neglected. Neither is there any apparent 
difference between the effectiveness of the type of extract as used by 
Parkes, and a simple solution of wstriol (groups 7 and 8). It is worthy 
of note that, of the experiments done by Parkes, thirteen are com- 
parable with ours, and in eight of these pregnancy was interrupted; our 
results, therefore, agree numerically with those of Parkes. 

Although a greater number of experiments, combined with a more 
exact method of detecting interruption of pregnancy, might have shown 


up minor differences in the effects of various combinations of the sub- 


stances injected, it is impossible to draw any conclusions as to these from 
the present work. This, however, does prove with certainty that cestrin 
\ 
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in both forms increases the reactivity of the uterus to oxytocin, while the 
existence in the extract employed of any other substance having similar 
properties is discounted. Robson [1935] records similar results, and also 
confirms the general conclusion by a different method; but although the 
fact must be regarded as established, its significance is difficult to assay. 

There is a considerable body of opinion in favour of the view that 
labour is determined by a critical concentration of two or more hormones 


being simultaneously achieved: for instance, that under the influence of ~ 


increasing amounts of cestrin, the uterus becomes more and more sensi- 
tive to oxytocin with the advance of pregnancy until the threshold for 
contraction is reached. We are not satisfied that our results lend un- 
qualified support to this theory, although at first sight they may seem to 
do so. The amount of cestrin we have administered is not unphysiological, 
being only twice that required to produce full estrus in the mouse 
[Marrian and Parkes, 1930]. The dose of oxytocin, however, is defi- 
nitely excessive, and is more than that required to produce contraction 
of the uterus in a parturient woman. Moreover, mere contraction of the 
uterus is hardly equivalent to the coordinated type of activity one would 
expect during parturition, and it is well known that the type of contrac- 
tion produced in the human parturient uterus by oxytocin is definitely 
dangerous, both to mother and child, if the injection is made while the 
foetus is still in utero. The last four groups in our series add further weight 
to these objections. It is a commonplace that the effect of cestrin, as 
measured by its cestrus-producing activity, takes some time to develop, 
and if the “‘sensitizing” action ran parallel with this one would expect 
to find it at a maximum 1-2 days after the injection. It is quite clear, 
however, that in the intact animal 15 and 40 hours after the last dose of 
cestrin, the reactivity of the uterus to oxytocin has returned almost to 
normal. 

The difficulty raised by this lack of parallelism between the cestrus- 
producing activity of cestrin and its “‘sensitizing” action is not insuper- 
able, and may prove to be quite unimportant when the subject is better 
understood. At present, however, we are concerned with the most pro- 
bable interpretation of the facts already known, and other aspects of the 
action of cestrin cannot be left out of account. Its administration to the 
female brings about,numerous and diverse changes, for which individually 
we should be at a loss to account, did they not culminate in the collective 
phenomenon of estrus. To relinquish this unifying conception would be 
to encounter a host of “specific” actions, none of which could be un- 
equivocally regarded as the chief. In the future we may be able to define 
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the fundamental physiological action of cestrin, to understand why some 
tissues react to it while others do not, and to appreciate the common 
principle in these reactions. At present, the most we can do is to presume 
that cestrin, as a pure chemical substance, has such a fundamental 
action, and that in the non-pregnant female the cells of the body are so 
constituted that certain of them respond to it, with the result that the 
complex manifestations of cestrus are produced. Assuming that cestrin 
accumulates in the mother during pregnancy (a fact not established for 
all mammals), we can only account for the absence of cestrus by further 
assuming either that the cestrin is inactivated, or that the response of 
the various tissues is modified or abolished. The uterine muscle in the 
non-pregnant, as in the pregnant, animal shows an increased reactivity 
to oxytocin after cestrin injection [Robson, 1935]. Therefore, to say that 
the specific function of cestrin in pregnancy is to increase the reactivity 
of the uterine muscle to oxytocin, is to say that the muscle alone, or 
above all, has retained its previous characteristic response, or alter- 
natively, that while cestrin is inactivated in other respects, it remains 
active as regards this tissue. Actually, our injected cestrin caused a 
sufficiently normal cestrous reaction to culminate in mating. 

(Estrin, however, has another action on these muscle cells, namely, 
the production of hypertrophy and hyperplasia; indeed, many of the 
actions of cestrin are of a growth-promoting character. Although the full 
effect of this process is not seen for about 48 hours, there is no doubt that 
to be completed in this time it must start immediately. It must also entail 
great changes in the metabolic life of the cells, and it is reasonable to 
suppose that such changes would modify their reaction to substances, 
such as oxytocin, which specifically excite them. It is also reasonable to 
suppose that this modification of reactivity might disappear as the hyper- 
plasia approached completion, and the life of the cells became more 
normal, Such a theory would account for the transient increase in re- 
activity to oxytocin found by us, and for the more persistent increase 
found by Robson [1935], for his dose of cestrin was eight or more times 
as large as ours and spread over 3 days. The increasing reactivity de- 
monstrated by others, notably Robson [1933a, 19336, 1934] in the 
normal course of pregnancy may possibly be explained on similar lines. 
Frobése [1932] has studied the myometrium of the rabbit throughout 
pregnancy and finds that it increases in bulk in three ways: (a) by a 
growth of the muscle cells which roughly double their linear dimensions, 
(6) by mitotic division of existing muscle cells, and (c) by the new for- 
mation of muscle from undifferentiated connective tissue and other cells. 
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The first process is continuous throughout pregnancy, but rather more 
marked in the second half: the second is also continuous but more marked 
at the beginning of pregnancy: the third begins on the 8th day in the 
muscle round the footuses and on the 22nd day in the muscle between 
them; after this it is generalized. In the rabbit, therefore, the muscle 
cells are in a state of profound developmental activity, and probably the 
same holds for the mouse. In this animal the increase in weight of the 
mother, and therefore, presumably, of the foetuses, is small in the first 
half of pregnancy and becomes progressively more rapid in the second 
half. If the proliferative activity of the myometrium keeps pace with 
this, we have the rudiments of an explanation for the increased re- 
activity of the muscle in the later stages of pregnancy. Even if cestrin is 
involved in the process, the increase in reactivity may be secondary to the 
hyperplasia rather than to the cestrin itself. A purely “pharmacological” 
action of the latter is excluded by our previous results [1932]. 

The objections to the cstrin-oxytocin theory of parturition are 
stressed, and this alternative, though admittedly imperfect, theory 
advanced to account for some of the facts in its favour, merely in order 
to make clear the limited significance we place upon our results. We have 
demonstrated a definite relationship between two substances, using the 
pregnant mouse as an “indicator’’, but there is no proof that during 
parturition these substances are present in suitable concentration to 
account for the activity of the uterus; on the other hand, there is no proof 
that they are not. Although parturition may take place in the absence 
of the pituitary [Allan and Wiles, 1932], there may be oxytocic sub- 


stances of extra-hypophyseal origin. Although 1 unit of pitocin may seem 


large for a mouse, in reality it may not be so. If the activity of the 
uterus produced by oxytocin is not of a definitely coordinated character, 
it may not be incoordinated, for our aborted foetuses were alive, and it — 
has been shown in the goat that the cervix uteri does not react to oxy- 
tocin [Newton, 1934], and in the human subject that the lower uterine 
segment is less reactive than the fundus [Robson, 19330]. The chief 
function of cestrin during pregnancy may be after all to regulate the © 
reactivity of the uterine muscle, and this may prove not at all incon- 
gruous on general grounds. We feel, however, that the possibilities are 


. too open for us to claim more than that our results show what may 


happen in parturition; what actually does happen, and what is the 
significance of cestrin in pregnancy, remain extremely doubtful. 
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SumMMARY. 


1. It is shown that the injection of 400-500 m.v. of cestrin, on the 
15th day of pregnancy, increases the sensitivity of the mouse uterus to 


oxytocin, so that 1 unit of pitocin, otherwise without effect, now causes | 


uterine contraction which is sufficient to kill or deliver some of the litter. 
The effect cannot be attributed to the amount of fluid used to dissolve 
the cestrin, nor to the nature of the solvents employed; it is also the same 
whether crystalline cestrone, crystalline cestriol, or the phenolic ether- 
soluble fraction of pregnancy urine is used. The work of Parkes [1930] 
is therefore confirmed, and all manifest alternative explanations of his 
results eliminated. 
2. The increased reactivity of the uterus is well marked at the end of 
12 hours’ eestrin injection, but 15 hours after this it has returned nearly 
to normal, This is contrary to what would be expected if the effect on the 
muscle accrued with the gradually increasing intensity of the cestrous 
reaction. It suggests that the enhanced reactivity of the muscle is the 


accompaniment of changes in the cells occurring in the early Stages of. 


their preparation for cestrus, possibly their increased activity in — 
trophy and hyperplasia. 

3. The bearing of the results on the cestrin-oxytocin theory of par- 
turition is discussed, and it is pointed out that their significance is 
limited by the fact that both hormones have been artificially adminis- 
tered. The theory in question is supported by evidence which is purely 
circumstantial, and although the interpretation of this in its favour may 
prove to be correct, it is not difficult to advance other plausible explana- 
tions for many of the facts. 

4, Of 636 copulations, as determined by vaginal plugs, 393 (62 p.c.) 
proved fertile. A generous allowance for incorrect recording of plugs 
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NOTE ADDED IN PROOF. 


In a paper by 8. L. Cohen, G. F. Marrian and M. Watson, recently published in 
the Lancet (1935, 1, No. 228, p. 674), it is shown that 99 p.c. of the cestrin excreted by 
women during pregnancy is in a physiologically inactive form; not until a few days before 
parturition do active estriol and cestrone begin to replace the inactive esters. By 24 hours 
after parturition the amount of free cestrin actually exceeds that of the esterified forms, 
although the total quantity of cstrin is less, possibly indicating utilization. 

With reference to the points raised in the Discussion above, these findings strengthen 
our doubts as to any selective action of estrin during pregnancy, but reconcile these 
doubts with the possibility that it plays an important part in parturition. It will be 
recalled that many animals, including the mouse, have an immediate post-partum cestrus, 
suggesting that the activity of cestrin at this time, whatever its nature, is not divorced 
from its normal function. 

The rapidly mounting rate of wstrin excretion during the latter half of pregnancy 
may be merely an index of the amount or activity of estrin-producing tissue present in 
the organism, and this may not become physiologically significant until full term 


approaches. 
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THE ACTION OF CESTRIN ON THE UTERUS OF 
THE HYPOPHYSECTOMIZED AND OF — 
THE PREGNANT RABBIT. 


By J. M. ROBSON. 
Beit Memorial Research Fellow. 
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(Received February 4, 1985.) 


IN a previous paper [Ro bson, 1933] it was shown that the administration 
of cestrin over a fairly prolonged period in the rabbit markedly increases 
the reactivity of the uterine muscle to oxytocin. Later experiments in 
the mouse [Robson, 1934] showed that a similar increase in reactivity 
could be brought about by an cstrin treatment of comparatively short 
duration, and that this occurred both in the ovariectomized and in the 
pregnant animal. It was therefore thought desirable to investigate the 
effect of short intensive cestrin treatment in the rabbit. As in this 
animal, moreover, & corpus luteum hormone exerts certain definite 
effects on the uterine musculature, experiments were also performed to 
determine how the effects produced by cestrin might be modified by the 
activity of the corpus luteum during pregnancy and pseudo-pregnancy. 
At the same time the effect of the animal’s own pituitary was also 
investigated. 

The experiments performed may conveniently be grouped under the 
following headings: 

(1) Effects of cestrin in the hypophysectomized animal. 

(2) Effects of cestrin in the pseudo-pregnant animal. 

(3) Effects of cestrin in the pregnant animal. ‘ 


TECHNIQUE. 


The experiments were performed on mature female rabbits weighing 
about 2kg. The determination of the uterine reactivity in vitro was 
performed by the method previously described [Robson, 1933]. In the 
case of the hypophysectomized or pseudo-pregnant animals sections of 
the uterine horns were used, and in the case of pregnant animals strips 
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of the uterus. Hypophysectomy was performed via the orbital route by 
the method of Firor [1933] and was always controlled post-mortem by a 
macroscopic examination, which is probably very reliable as the sella, 
forms such a well-defined and separate cavity in the rabbit. In a few 
experiments minute necrotic pieces of gland embedded in the blood clot 
which fills the sella after the operation were left behind; it seems highly 
doubtful, however, whether such small fragments, once separated from — 
their blood supply, could subsequently exert any secretory activity, and 
any effect they might bring about would probably be due to absorption 
of any hormone contained in them. 

Pseudo-pregnancy was induced by the injection of a gonadotropic 
preparation of pregnancy urine, the effect on the ovaries being confirmed 
by their subsequent examination. The mating of pregnant animals was 
witnessed, so that the exact duration of gestation could be determined. 

The maximum progestational proliferation observed during pseudo- 


‘pregnancy is designated as +++; + represents the minimum clearly 


definable proliferation, while + + represents an intermediate degree. 

Crystalline ketohydroxycestrin (B.D.H.) was used in all the experi- 
ments. It was dissolved in absolute alcohol and diluted ten times with 
water. The oily solution was made up by dissolving the cstrin in 
absolute alcohol, adding the requisite amount of oil and then blowing off 
the alcohol in a current of air. For the determinations in vitro a purified 
preparation of the oxytocic principle of the posterior lobe, kindly supplied 
by Dr White, of Parke, Davis and Co., was used. | 


RESULTS. 
(1) The reactivity in hypophysectomized animals. 


The reactivity of the uterus following hypophysectomy (Table I) and 
without any cestrin was determined in three rabbits, while in a fourth the 
observation was made 10 days after the last cestrin injection. In all four 
animals, which had been hypophysectomized at the time of the experi- 
ment for periods varying from 4 to 18 days, the reactivity to oxytocin 
was very low, as the uterus failed to show any response to doses of the 
posterior lobe hormone of 0-4 unit or more per 100 c.c. of Ringer-Locke. 

Five hypophysectomized animals were given hourly injections of 


-0-01-0-02 mg. of cestrin in 10 p.c. alcohol for periods varying from 11 to 


17} hours, and the uterine reactivity im vitro determined 1 hour after the 
last injection. The results show that the treatment had increased the 
reactivity in all cases, as the minimum effective dose of oxytocin varied 
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TaBLE I. Showing the effect of cestrin injections on the reactivity to oxytocin and 


spontaneous activity (s.a.) of the uterus of hypophysectomized animals. The period 
of injections immediately preceded the determination of the reactivity. 


Interval 
between 
hypophy- (Estrin injections 
sectomy -— 
Animal and ex Total Reactivity 
No. periment amount units of 
Ra days No. mg. Duration oxytocin 8.4 Hypophysectomy 
422 4 — — — >0-6 Nil Fragments left 
424 11 >0-6 Nil Complete 
423 13 Nil Complete 
454 18 >0-4* +-++ 1 fragment left 
435 12 O24 #17 hours 0-003 +-++ Complete 
436 3 13 0-05 ~-+ Complete 
452 7 12 +612 s 0-02 + Complete 
452 16 0-02 + Complete 
454 8 oe Ee 0-02 + 1 fragment left 
433 25 0-50 3 days 0-003 +-++ Complete 
425 17 5 10 0-05 Nil Complete 
422 17 12 24 aoe 0-01 Nil Fragments left 
427 27 1324 ee 0-005 ++ Complete 
428 23 16 30 14 ,, 0-003 ++ 1 fragment left 
430 20 20 0-003 +-++ 


* 1 unit of pituitrin caused a contraction. 


from 0-003 to 0-05 unit per 100 c.c. of solution. Moreover, this effect was 
obtained both in animals recently operated on (e.g. Ra 435, injected 
14 days after hypophysectomy), and in animals in which a longer time 
had elapsed since the removal of the pituitary (e.g. Ra 452, injected 
16 days after hypophysectomy). One animal (Ra 433) was treated with 
cestrin over a period of 3 days. The first injection was given 3 days after 
hypophysectomy and the animal received 2-hourly doses of 0-02 mg. in 
10 p.c. alcohol over periods of 12, 14 and 24 hours respectively on the 
three successive days. The uterine pieces were removed 1 hour after the 
last injection and reacted to 0-003 unit of oxytocin per 100c.c. of 
solution. 

In five animals injections of wstrin in oily solution were given over 
longer periods once or twice daily, varying from 5 to 14 days. In the 
rabbit injected for 5 days (Ra 425) the resulting reactivity to oxytocin 
was not very high (0-05 unit per 100 c.c.), but in the other animals in- 
jected for longer periods the uterus responded to doses of oxytocin varying 
from 0-01 to 0-003 unit per 100 ¢.c. of solution. 

Histological changes. Hypophysectomy was followed by atrophic 
changes in the ovaries and in the uterus. The alterations in the ovary are 
now being further studied and will not be described at present. The 
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uterus shows the changes associated with removal of the ovaries. 
Injections of cestrin in the hypophysectomized animal produces altera- 
tions similar to those observed in the ovariectomized rabbit [Robson, 


7 17th dayafter hypophysectomy. x 20. A,i diately before the injections; B, immedi- 
' ately after the injections. 


1933]. There is hypertrophy involving both the endometrium and muscle 
and some proliferation of the glandular elements in the endometrium. 


These effects are illustrated in Fig. 1. 
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(2) The reactivity in pseudo-pregnant animals. 
During pseudo-pregnancy (i.e. for a period of 15 days following an 
infertile coitus [Knaus, 1930] or the stimulation of the ovary by 


gonadotropic hormone [Robson, 1932]) the uterus is usually insensitive — 


to large doses of oxytocin. Animals were injected with cestrin in 10 p.c. 
alcohol at various stages of pseudo-pregnancy. One rabbit (Ra 447) 
received 12-hourly injections of 0-01 mg. while five individuals were 
injected over a period of 3 days. In these latter animals the injections 
were given at 2-hourly intervals. In all cases the uterine pieces were 
removed 1 hour after the last injection for the determination of the 
reactivity; at the same time material for histological examination was 
also removed. The data are given in Table II. 


Tasze II, Showing the state of the uterine muscle and endometrium in peeudo-pregnant 


animals treated with oestrin. The period of injections immediately preceded the 
determination of reactivity. 


Dura- 
tion 
pseu 
Animal at ex Total : Reactivity 
No, periment amount units of Progestational 
Ra days No. mg. Duration oxytocin proliferation 
437 : 30 0-30 3 days 0-2 Nil 
7 
439 5 20 0-20 0-1 
10 >0-5 + 
440 20 0-20 >1-0 
19 17 0-17 eee 0-005 Nil 
448 10 20 0-20 ae 0-2 + 
455 13 18 0-18 ye Inhibition by ++ 
447 7 12 0-12 12 hours Inhibition by +++ 
pituitrin 
18 1 . 616 3 days 0-01 Nil 


It will be seen that the treatment over a period of 12 hours produced 
no demonstrable effect on the uterine reactivity to oxytocin, as the 
uterus of animal Ra 447, injected on the 7th.day of pseudo-pregnancy, 
was inhibited when pitocin was added to the bath. On the other hand, 
there is evidence that the uterine reactivity in animals injected over the 
longer period was affected to some extent. This appears to be the case in 
animals Ra 437, 439 and 448 injected for 3 days, the last of the injections 
being on the 3rd, 5th and 10th days of pseudo-pregnancy, for the uterus 
in these animals reacted to doses of oxytocin of 0-2, 0-1 and 0-2 unit 
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seieiaies The uterus of rabbit Ra 440, however, injected with 
cstrin for 3 days up to the 8th day of pseudo-pregnancy, showed no 
response to 1:0 unit of oxytocin while the uterus of rabbit Ra 455, 
injected for 3 days up to the 13th day of pseudo-pregnancy, was inhibited 
by pituitrin. In two animals, Ra 440 and 447, injected during the 
earlier stages of pseudo-pregnancy, the uterine reactivity following a new 
series of injections over a period of 3 days was again determined on the 
18th and 19th days after the onset of pseudo-pregnancy, and in these 
cases the doses of oxytocin necessary to bring about a motor effect on the 
uterus were much smaller, being respectively 0-01 and 0-005 unit per 
100 c.c. of Ringer-Locke. In one animal (Ra 439) injected during the 
earlier stages of pseudo-pregnancy, uterine pieces were again removed on 
the 10th day after the induction of pseudo-gestation, and the muscle 
showed no reaction when 0-5 unit of oxytocin was added to the bath, 
although at the earlier stage following the treatment with cestrin the 
muscle had responded to 0-1 unit of oxytocin per 100c.c. of Ringer- 
Locke. 

Histological examination of the uterine pieces showed quite definitely 
that the injections of cestrin could inhibit the appearance of progestational 
proliferation in the endometrium. Thus no such proliferation whatever 
was present in the endometrium of animal Ra 437 injected up to the 4th 
day of pseudo-pregnancy, while in animals Ra 439 and 448, injected up 
to the 5th and 10th days respectively, only the minimum degree of 
progestational proliferation was observed. On the other hand, there was 
no inhibition of the proliferation in animals Ra 440 and 455, and it is 
noteworthy that in these two animals the uterus was either insensitive to 
large doses of the posterior lobe hormone (Ra 440) or actually inhibited 
(Ra 455); while on the contrary in the animals in which the injections of 
cestrin interfered with the development of the progestational reaction 
there was also an increase in the reactivity of the uterine muscle to 
oxytocin. | 

‘The injection of cestrin over a period of 12 hours in animal Ra 447 had 
no demonstrable effect either on the state of the endometrium or on the 
reactivity of the uterine muscle. 3 

In order to determine whether the action of cestrin was merely 
exerted directly on the uterus or whether it also involved some inter- 
ference with the activity of the corpus luteum two animals (Ra 437 and 
439) in which there had been a definite inhibitory effect on the uterine 
endometrium in the early stages of pseudo-pregnancy were again investi- 
gated at a subsequent stage of pseudo-gestation, the interval elapsing 
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being sufficient to allow of the complete development of the corpus luteum 
hormone action. In both these cases the endometrium showed only a 


Fig. 2. Sections of the uterus of animal Ra 437 injected with cestrin from the 20th to the 
72nd hour following injection of gonadotropic hormone. x20. A, on the 3rd day of 
pseudo-pregnancy. B, on the 8th day of pseudo-pregnancy. 


minimum development dependent on the action of the progestational 
hormone (Table II). Fig 2 shows the appearance of the endometrium in 
animal Ra 437 on the 3rd and 8th days of pseudo-pregnancy. 
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(3) The reactivity in pregnant animals. 
The effects of cestrin (in 10 p.c. alcohol) were investigated in fourteen 


pregnant animals, the first injection being given at periods of gestation 
varying from the 6th to the 24th day post coitum (Table III). Twelve of 


Tastz III. Showing the reactivity to oxytocin of pregnant animals treated with cestrin. 
The period of injections immediately preceded the determination of the reactivity. 


Dura 
of preg (Estrin injections 
nancy A 
Animal at ex- Total Reacti 
No. periment amount units 
Ra — days o mg. Duration oxytocin Remarks 
457 8 19 019 3 days >0-5 Foetuses dead. 1 unit of 
pituitrin contraction. Pro- 
if.: +++ 
to l unit of gest. prolif.: + + 

459 12 17 0-17 + en 0-4 Foetuses dead 
458 19 16 §=016 a 0-01 Foetuses dead and absorbing 
431 21 32 0-32 >0-5 
442 22 19 0-19 0-005 
451 24 20 380-20 0-03 
438 24 23 023 3 0-002 a 
443 24 13 613 13 hours 0-02 Foetuses alive 
460 24 O18 0-03 
434 25 27 =0-27 3 days 0-003 
432 26 28 0-28 ase 0-002 Foetuses dead and absorbing 
453 26 21 0-21 3 0-005 
456 26 0- >0-2 


these animals were treated over a period of 3 days, while in the other two 
the injections were spread over 12 hours (Ra 460) or 13 hours (Ra 443). 
Two of the rabbits were injected before the end of a period corre- 
sponding to the duration of pseudo-pregnancy, and in both of these 
cestrin appeared to have caused some slight increase in the uterine re- 
activity. Thus strips removed from Ra 457, injected from the 6th to the 
8th days of pregnancy, showed a contraction when 1 unit of pituitrin 
was added to the bath, though the addition of 0-5 unit of pitocin was 
without effect. The uterus (a portion not occupied by any foetus was 
sectioned) showed a progestational proliferation of +++, a state 
normally present at that stage of gestation. The same animal was again 
operated on 3 days later (on the 11th day of pregnancy), and the uterine 
strips gave no response to 1 unit of pituitrin. The foetuses were dead and 
in an advanced stage of absorption, but the uterus still showed a pro- 
gestational proliferation of ++. The second animal (Ra 459) injected 
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Tastx IV. Showing the spontaneous rhythmic activity (s.a.) exhibited in vitro by the 


uterus of pseudo-pregnant and pregnant animals injected with wstrin and of a number 
not so injected. 


Se & ESS 


Injected animals Non-injected animals 
Duration Duration 
ofcon- Duration of con- 
dition ofinjec- — Animal dition 
Condition days tions S.A. No. Ra Condition days S.A. 
Pseudo- 4 3 days + 191 Pseudo- : 3 ree’ 
pregnant | 7 pregnan 
: 
” 5 3 + 
| 188 5 +-++ 
186 6 
190 99 6 Nil 
388 ” 7 + 
7 12 hours +-++ 366 9 
8 3 days +++ 189 ll ++ 
10 188, 197 12 ++ 
186, 203 
” 13 By > 199 ” 12 +++ 
222 ” 13 + + 
Pregnant 8 eas + 
” 12 3 ” + 338, 334 Pregnant 18 + + 
19 3 --+ 336 18 ++ ++ 
19 +++ 335, 346 19 
” 22 +-++4+4+ 335 23 + 
” 24 3 2 
” 24 3 
24 hours +++-++++ 
9? 24 12 ” 
” 25 3 days +++ 334 ee 25 +++ 
343 ” 25 + + + 
26 ” ++++ 342 ” 27 +-—-+++ 


from the 10th to the 12th days of gestation, gave a response in vitro to 
0-4 unit of pituitrin per 100 c.c. of Ringer-Locke. 

Two animals were injected from the 17th to the 19th days of preg- 
nancy. In one of these (Ra 458) the uterus responded to a dose of 
oxytocin of 0-01 unit, while in the other (Ra 441) the minimal effective 
dose of oxytocin was 0-05. unit. On the other hand, another rabbit (Ra 
431), injected from the 19th to the 21st days of pregnancy, showed no 
response to 0:5 unit of oxytocin. 

Out of the nine animals investigated during the last stages of 
pregnancy (t.¢. after the 21st day) two were injected for a short period 
(12 or 13 hours), and in both of these the resulting uterine reactivity was 


_ comparatively high, the strips responding to 0-02 unit (Ra 443) and 0-03 


unit (Ra 460) of oxytocin. In five animals injected over the longer period 
of 3 days, the treatment with cstrin brought about a high uterine 
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reactivity of an order similar to that present at normal parturition; for 
the uterine strips responded to doses of oxytocin varying from 0-002 to 
0-005 unit per 100c.c. of Ringer-Locke. In two animals’ treated in 
exactly the same way, however, the effects of cestrin, in so far as it 
affected the uterine muscle, was much less marked. The strips from 
animal Ra 451, injected from the 22nd to the 24th days of gestation, 
needed a dose of 0-03 unit per 100 c.c. to elicit any motor effect, while in 
animal Ra 456, injected from the 24th to the 26th days of pregnancy, the 
addition of 0-2 unit of oxytocin to the bath produced no effect. 

In the animals treated over the shorter periods (¢.¢. 12-13 hours) the 
injections of cestrin did not appear to cause any injurious results, and the 
foetuses were alive and, as far as could be seen, in a normal condition at 
the subsequent operation. On the other hand, marked deleterious effects 
on the products of gestation were brought about when the injections 
were continued over the longer period. One animal (Ra 434) showed some 
vaginal bleeding during the 2nd day of the injections and aborted during 
the subsequent night, and at operation the uterus was found empty. 
None of the other animals treated for 3 days with cestrin expelled the 
uterine contents but, nevertheless, the pregnancy was interrupted, and in 
all these cases the foetuses were dead and showed early signs of — 
when examined at operation on the third day. 


The spontaneous rhythmic activity exhibited by the various uteri in 
vitro were recorded and are given in Tables I and IV. In the case of the 
hypophysectomized animals the results suggest that the increase in 
reactivity resulting from the cestrin injection was accompanied by an 
increase in the spontaneous activity, a result similar to that already 


reported for the ovariectomized rabbit [Robson, 1933]. Moreover, it 


appears that even a short period of injections may affect the rhythmic 
activity provided that multiple injections be given at short intervals. 
In order to produce a standard of comparison a number of results 
previously obtained in pregnant and pseudo-pregnant rabbits are given 
in Table IV together with the data on similar animals injected with 
cestrin. In the case of the pseudo-pregnant animals injections of cestrin 
do not appear to have caused any increase in the spontaneous activity. 
In pregnant animals there is some suggestion that in the later stages of 
gestation the hormone did somewhat increase the rhythmic activity of 
the uterine strips. 
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Discussion. 


The experiments show definitely that in the rabbit, as in the mouse, a 
short period of cestrin injections can markedly increase the reactivity of 
the uterine muscle to oxytocin. Moreover, both the time relations of the 
action of cestrin and the actual reactivity attained are very similar in 
both these species of animals. For although large doses of oxytocin did 
not cause contraction of the uterus of untreated hypophysectomized 
animals, the injections of cestrin over a period of 12-17 hours was 
sufficient to make the muscle react to concentrations of the posterior lobe 
hormone of 0-02-0-05 unit per 100c.c. of Ringer-Locke. In one case 
indeed (Ra 435), reactivity to 0-003 unit per 100 c.c. was attained, but as 
the experiment was performed quite shortly after removal of the 
pituitary, this cannot be entirely attributed to the cestrin administered. 
The similar high reactivity demonstrated in the uterus of the rabbit Ra 
433 injected over 3 days must definitely be due to the action of the 
ovarian hormone. 

The absence of the pituitary does not appear to affect in any way the 
action of cestrin on the uterus, at least up to a period of 27 days after 
hypophysectomy. This applies both to the effect of the hormone on the 
structure of the muscle and endometrium and also to its effect on the 
reactivity of the muscle to oxytocin. Large doses of cestrin were used in 
these experiments, so that the possibility that in the hypophysectomized 
animal the threshold of the response is altered cannot, of course, be 
excluded. 

The results from pseudo-pregnant animals reveal very definitely that 
during the period of activity of the corpus luteum the response of the 
uterine muscle to injections of cestrin is altered. For in no instance was it 
possible to induce the high reactivity which follows a 3-day injection 
period in animals in which the active corpora lutea are present. Indeed, 
in two cases the continued injections of cestrin failed to interfere in any 
way with the inhibition of the reaction to the posterior lobe hormone, 
while in another three cases the minimal effective dose of oxytocin varied 
from 0-1 to 0-2 unit per 100.c., as compared with 0-003-0-005 unit 
usually required with similar cestrin injections when no corpora are 
present. Moreover, a high reactivity was again obtained when the 
injection period was delayed till the 16th or 17th day onwards, which 
further emphasizes the role of the active corpus luteum in the inhibition 
of the reaction to cestrin, in so far as the response of the uterine muscle to 
_ oxytocin is concerned. In view of the fact that in those pseudo-pregnant 
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animals in which cestrin did somewhat increase the reactivity of the 
uterine muscle, there was also interference with the progestational state 
normally witnessed in the endometrium, the question arises, at what site 
is the action of cestrin exerted. The results observed would follow from a 
direct effect on the uterus or from an interference with the activity of the 
corpus luteum, or both. The fact that in two cases in which cestrin had 
exerted an effect on the uterus, a subsequent examination of the uterus 
on the 8th and 10th days of pseudo-pregnancy showed only a small luteal 
effect on the endometrium, shows fairly conclusively that the secretory 
activity of the corpus luteum must have been greatly diminished; for it is 
unlikely that cestrin injected in an aqueous medium would be retained 
for that period of time and thus interfere with the action of the corpus _ 
luteum hormone. This conclusion is similar to that recorded by 
Deanesly [1931] in the pseudo-pregnant mouse injected with cestrin 
and that of Courrier and Raynaud [1933] in the pregnant rabbit. It 
also agrees with the finding of Brouha [1933] that the injection of 
cestrin in pseudo-pregnant rabbits prevents the appearance of the 
decidual reaction. 

On the other hand, the finding that cestrin failed to produce its full 
effect on the uterine reactivity indicates that the corpus luteum must be 
exerting some secretory function. Since it has been shown that large 
_ doses of cestrin will inhibit the endometrial response to the luteal hormone 
preparation administered to the ovariectomized animal [Robson and 
Illingworth, 1931; Allen, 1932], it must be concluded that, under the 
given experimental conditions in the pseudo-pregnant animal, the effect 
of cestrin is exerted both directly on the uterus and indirectly on the 
secretory activity of the corpus luteum. 

The experiments performed during the first half of gestation are in 
agreement with those described for the pseudo-pregnant animals, but 
later on in pregnancy the effects of cestrin injections are clearly different 
from those observed following a pseudo-gestation. The results obtained 
up to the 21st day of pregnancy suggest that, in some animals at least, a 
quite marked luteal inhibition of the reaction to cestrin still persists. This 
is exemplified by animal Ra 431, in which 0-5 unit of oxytocin failed to 
elicit any effect on the uterus after a 3-day period of cestrin injections. 
Out of nine animals, investigated during the latest stages of gestation, 
i.e. between the 22nd and the 26th days, seven showed evidence of a 
maximum response to cestrin, when the reactivity of the uterine muscle 
to oxytocin was taken as criterion. In five of these, injected during 3 days, 
the minimum effective dose of oxytocin varied from 0-002 to 0-005 unit 
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per 100 c.c., while in two other animals, injected for 12 hours, the muscle 
responded to doses of 0-02-0-03 unit of the posterior lobe hormone. These 
results are similar to those obtained in animals in which no luteal secre- 5 
tion is occurring, and suggest very strongly that at that last stage of 
pregnancy the activity of the corpus luteum affecting the uterine muscle 
has entirely or almost entirely ceased. On the other hand, two animals 
failed to show the complete response to cestrin, and in one case indeed . 
(Ra 456) the uterus on the 26th day of gestation was not affected by : 
0-2 unit of oxytocin after a 3-day period of injections of cstrin. The + 
results taken together suggest that during pregnancy the luteal secretion . 
which affects the reactivity of the uterine muscle may be prolonged for a 
period longer than the duration of pseudo-pregnancy, but that during the 
latest stages of gestation it is frequently either absent or at such a low 
level as not to interfere with the response of the uterine muscle to 
cestrin; the rate of decrease of the luteal secretion must, however, vary ? 
in different animals, as in some cases there is definite evidence of its | 2 
presence even in the latest stages of pregnancy. It should be noted that | 
Reynolds and Firor [1933], using the spontaneous activity of the | 
uterine fistula in the rabbit as criterion, obtained results leading to a | 
somewhat similar conclusion. 

It is of interest to compare the responses of the uterus to oestrin in : 
the pregnant mouse and rabbit. In the mouse the increase in the sd 
muscular reactivity follows both in the earlier and later stages of 
gestation [Robson, 1934], in contrast to the rabbit where this effect is 
only obtained after cessation of the luteal secretion. These results further 
support the view that in the mouse a luteal hormone plays no part in 
controlling the reactivity changes in the uterine muscle. | 

Out of five rabbits injected for 3 days with cstrin during the later 
stages of gestation and showing a marked increase in uterine reactivity 
only one aborted, while in the other four the uterine contents were 
retained and showed absorption—a result similar to that obtained by 
Kehl [1934]. As before in similar experiments on the mouse [Robson, 
1935], the question again arises as to why a degree of uterine reactivity 
to oxytocin similar to that observed at normal parturition is not usually 
associated with expulsion of the uterine contents. A number of pos- 
sibilities were discussed in the earlier paper on the mouse and this 
discussion appears to be equally relevant to the present results. 
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SuMMaRY. 

The effects of cestrin administration on the in vitro reactivity to oxy-_ 
tocin and spontaneous rhythmic activity of the uterine muscle, and on the 
histological state of the endometrium have been determined in (1) the 
hypophysectomized, (2) the pseudo-pregnant and (3) the pregnant rabbit. 

The absence of the pituitary does not qualitatively affect the response 
of the uterus to cestrin. | | 

During pseudo-pregnancy and during all but the later stages of 
pregnancy, cestrin administration fails to increase the reactivity of the 
uterine muscle to oxytocin as it does in the absence of the corpus luteum, 
though a partial effect may be observed. The progestational response of 
the endometrium may, however, be interfered with. The evidence 
suggests that cestrin may act not only directly on the uterus but also 
indirectly on the secretory activity of the corpus luteum. 

During the later stages of gestation the action of cestrin on the uterine 
muscle is, in the majority of experiments, similar to that observed in the 
absence of any luteal secretory activity. 


The expenses of this investigation have been defrayed by grants from the Medical 
Research Council, the Royal Society and the Moray Fund of the University of Edinburgh. 
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RESISTANCE TO INSPIRATION—ITS EFFECTS 
| ON RESPIRATION IN MAN. : 


By ESTHER M. KILLICK. 
(From the Department of Physiology, School of Medicune, 
University of Leeds.) : 


(Received January 7, 1935.) 


Very little work has hitherto been published on the experimental use of 
a@ resistance to respiration in man. Davies, Haldane and Priestley 
[1919] published the results of a series of experiments with a small number 
of subjects, using both inspiratory and expiratory resistances. Cannisters 
packed with cotton wool were used, which they state gave a resistance 
through which the air flow varied directly as the driving pressure. The 
- usual response to respiratory resistance.was found to be slowing and 
deepening of the breathing. With excessive resistance, the respiratory 
centre became fatigued, and the breathing, as a result, became shallower 
and more frequent. Measurements of the resistances used are given in 
inches of water, presumably the driving pressure exerted during respira- _ 


ti 


In the series of experiments to be described, a resistance to inspiration 
only was used, expiration being free. The resistance consisted of a pad of 
filter paper, clamped in a copper dust filter of the type designed by 
Katz [1926]. Filter paper of a standard make was used, and the pieces 
waxed together at the edges to prevent any leak between the layers. The 
resistance of this arrangement was tested by means of a suction pump 
_ and a flow metre. It was found that the rate of air flow was directly 
proportional to the driving pressure and inversely proportional to the 
number of layers of paper (see Fig. 1). Unfortunately, some confusion 
exists as to the application of the term “resistance”’; this term should be 
restricted to the ratio between driving pressure and rate of air flow, which 
is constant for a given thickness of filter paper. The term is, however, 
_ commonly applied to the driving pressure required to produce some 
standard rate of flow. If, for example, air be drawn through a pad con- 
sisting of three pieces of filter paper, it will be seen that the pressure 
difference due to the obstruction varies from 3 in. water at an air flow of 
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10 litres per min. to 12 in. water at a flow of 40 litres per min. Obviously 
the statement that the resistance is 3 in. water, or 12 in. water at a certain 
rate of flow is of little value; the ratio of pressure difference to rate of flow . 
is the constant characteristic of the resistance. 


40- 
| 2 3 


Rate of air flow (litres per min.) 
8 


i 


0 5 10 15 
Pressure (in, of water) 


Fig. 1. Resistance of filter-paper pad. 1, one layer; 2, two layers; 
| 3, three layers; 5, five layers. 


The subject of the experiment breathed through inspiratory and 
expiratory valves. The expiratory side was connected with a battery of 
Douglas bags, so arranged that successive collections of expired air 
could be made without disconnecting the bags. The inspiratory side was 
connected through the resistance with a recording spirometer [Haldane, 
Meakins and Priestley, 1919]; a three-way tap on the subject’s side 
of the resistance made it possible for him to breathe either through the 
resistance or directly from the spirometer. In order to measure the 
suction exerted during inspiration, a static pressure tube [Stanton and ~ 
Pannell, 1914] was inserted between the mouthpiece and the resistance. 
This tube had an orifice, 0-02 in. in diameter, and was connected to a 
mercury manometer recording on the same surface as the spirometer. 
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The subjects who took part in the investigation were medical students, 
19-24 years of age, a few older men, and two women. The subjects all had 
previous experience of some form of respiratory apparatus, but, with a 
few exceptions, were unaware of the change in their breathing expected 
to follow the insertion of a resistance. Whenever possible, the same 
individual was tested, while breathing through varying strengths of 
resistance, at rest and while performing muscular work. The work con- 
sisted in pedalling a bicycle ergometer, and was varied in different 
experiments from approximately 2000 ft. Ib. per min. (light work) to 
7000 ft. Tb. per min. (hard work). 

Expired air was collected over a preliminary period; the resistance 
was then put in, and time was allowed for any change in breathing to 
appear. When the breathing appeared to have reached a steady state 
(after 1-24 min. breathing through the resistance) a second collection of 
expired air was made. The resistance was turned off when the subject 
signalled that the discomfort was becoming intolerable or at the end of 
7-10 min. A third collection of expired air was then made. If a change 
in the type of respiration occurred while the subject was breathing 
through the resistance, another collection of expired air was made. 

From the measurement and analysis of these expired air samples, the 
volumes of total ventilation, of tidal air, of oxygen absorption, and of 
carbon dioxide elimination were calculated. During certain experiments 
samples of alveolar air were taken through a side tube immediately 
beyond the expiratory valve. The samples were taken during inspiration, 
and comparison with samples taken by the Haldane-Priestley method 
indicated that a fair sample of alveolar air was obtained in this way. 

The work done by a subject was kept at a constant level throughout _ 
the experiment, and time. was allowed before the preliminary collection 
_ of expired air for the respiration to become steady. 


EXPERIMENTAL RESULTS. 


Changes were observed in the type of respiration and in the respiratory 
exchanges of a number of subjects as a result of interposing a resistance to 
their inspiration. The wide variation in these changes made it impossible 
to group the subjects so as to include the whole range of response of any 
individual in a single group. The results will, therefore, be described 
under two headings: (A) response to resistance, i.e. response to the lowest 


resistance that affected the respiration: (B) response to increased 
resistance. 
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" A. Response to resistance. 


94 


Group 3 includes the following responses: (a) slowing of respiration 
with no change in depth; (b) slowing of respiration with decreased depth; 
(c) decreased depth of respiration, frequency unaltered. 

The subjects forming the third group were more sensitive to resistance 
than those of Groups 1 and 2, i.e. they experienced some degree of dis- 
comfort while breathing through the lowest resistance that caused a 
detectable change in their respiration, whereas the subjects of Groups 1 
and 2 could breathe through such 4 resistance for long periods without 
discomfort. 

B. Response to increased janie 

Ten subjects from Group 1 and five subjects from Group 3 were 
investigated. Increase in the resistance, or in the work done, necessitated 
an increase in the suction exerted by the subject during inspiration to 
produce an ajr flow through the resistance that was adequate to his 
needs. Either method of raising the inspiratory suction was available, 
but that usually employed was to vary the work done by the subject. 

It had previously been observed that subjects of Group 1 and of 
Group 3 show a differing reaction to a slight resistance. When the effective 
resistance was increased this difference was accentuated; the slowing and 
deepening of respiration in subjects from Group 1 became more marked, 
while the respirations of subjects from Group 3 became shallower. 

When the effective resistance approached the limit of toleration the 


~ response of subjects from Groups 1 and 3 became uniform, all subjects 


now exhibiting a diminished depth of respiration. 

In view of the individual variation observed it is impossible to sum- 
marize in a table the exact results observed, but if the value of the 
resistance be considered as relative to the sensitiveness of the — the 


following summary can be made: 


Respiratory response 
 -Fesistance Subjects from Group 1 Subjects from Group 3 
Slight Slowing and deepening No See depth. Change in 
varia 


Moderate Marked slowing and deepening § Some decrease in depth. Change 


in rate variable 
Hea Some decrease in depth. Rate | Marked decrease in depth. Rate 
nance unchanged or increased | usually increased 
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Typical rapid shallow breathing of the type described by Davies, 
Haldane and Priestley [1919] was observed in one subject (Subject 9). 
This subject’s initial response was slowing and deepening of respiration, 
but after several minutes there was a sudden change to rapid shallow 
breathing, with considerable distress. Two subjects from Group 1 
showed a short period of rapid breathing, in the one subject a 
the other deep, immediately on shutting off the resistance. 


Expired air analysis. 
_ A. Response to resistance. 7 

Groups 1 and 2. When a slight resistance to inspiration was used 
little alteration was observed in the total respiratory exchange of the 
subject (Subject 1). 

Group 3. The changed type of breathing characteristic of these 
subjects caused a lowered ventilation, and some fall in CO, elimination 
was usual (Subject 2). 


Respira- CO, 
tory elimination absorption 
Minute rate Tidal 
volume per air c.c./ c.c./ 

Subject 1: litres min. c.¢ p.c. min. p.c R.Q. 
Before resistance 6-10 ll 5655 335 204 3-67 224 0-92 
Resistance in 5°74 44 1275 3-78 217 «3-84 220 «60-99 
After resistance out 8-33 ll 187°: 258 3-13 261 0-99 

Subject 2: 

Before resistance 11-42 51 545 280 320 290 331 0-97 
Resistance in 8-30 21-24 384 2-69 223 «= 3-83 318 0-70 
After resistance out 14-07 22 640 243 342 245 345 # 0-99 


Subject 1 (Group 1): At rest. Resistance 5 layers of paper. 
Subject # (Grous 3), At rest. Resistance 2 layers of paper. — 


B. Response to increased resistance. 

In describing the respiratory exchanges which accompany increased 
resistance it is impossible to adhere to the classification into three groups, 
since the response of all the subjects tends to become similar as the re- 
sistance is increased. The respiratory exchanges will therefore be described 
according to the type of breathing observed during the experiment. 

_ (i) Slowing and deepening of respiration. During the period of 
breathing through the resistance, the minute volume of ventilation was 
always reduced, but the percentage oxygen absorption always increased. 
The percentage carbon dioxide elimination also increased but to a less 
extent. 

The three experiments detailed here represent the effects of different 
resistances and different rates of work. It will be seen that with a greater 
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Respira- co, 0, 
tory elimination absorption 
Minute rate Tidal 
volume per air 0.¢./ 
Subject 3: litres min. co. pc. min. pc. min. 28.9. 
Before resistance 16-82 20 841 466 784 6°51 927 0-85 
Resistance in 14-46 8 1807 684 845 678 981 0-86 
After resistance out 17-63 21 840 458 807 535 944 0-86 
Subject 4: 
Before resistance 26°29 23 1143 5-41 1422 567 1491 0-95 
i in 24-51 18 1362' 623 1527 7:22 1770 0-86 
| After resistance out 33-20 27 1212 465 1544 4-78 1587 0:97 
Subject 5: 3 
Before resistance 25-41 26 467 1187 602 1296 0-93 
Resistance in 19-90 6 1317 528 1051 698 1389 0-76 
After resistance out 
(i) 42-37 29 1451 406 1720 314 1330 1-29 
(ii) 26-90 26 10385 425 1143 467 1235 0-93 
Subject 3 (Group 1): Working 2500 ft. lb./min. 3 layers of . No distress 
Subject 4 (Group 1): Working 4425 ft. lb./min. 3 layers of Sauer Some distress. 
} Subject 5 (Group 1): Working 2800 ft. lb./min. 5 layers of paper. Some distress. 


effective resistance there is a tendency for the total carbon dioxide 
: elimination to fall, compared with the oxygen absorption. The degree of 
discomfort or distress experienced by the subject. was constantly found 
to correspond with the extent of this carbon dioxide retention. The 
retention of carbon dioxide probably corresponded with a rise in alveolar 
| carbon dioxide tension; for even when the alveolar carbon dioxide 
j tension rapidly reached a steady level the adjustment of the carbon 
dioxide content of the blood would prolong the period of diminished 
elimination of carbon dioxide. 

(ii) Diminished depth of respiration, frequency unaltered. The decrease 
in the minute volume of ventilation caused by this type of breathing 
was frequently accompanied by a fall in total. oxygen absorption, and 
invariably by a fall in carbon dioxide elimination. 

Subject 6. 2 layers of paper, 5000 ft. Ib./min. 


Respira- CO, 
tory elimination absorption 
Minute rate Tidal 
volume per air ¢.c./ c.c./ 
litres mine cco. pec min pec. min, 


Before resistance 38-93 26 1520 4:57 1779 476 1853 0-96 
Resistance in 30-34 26 £41176 523 1587 601 1823 0-87 
After resistance out 40-13 26 1542 469 1882 496 1990 0-95 


The figures given above are typical of a number of experiments in 
which the fall in carbon dioxide elimination during the period of resistance 


was consistently greater than that in oxygen absorption. It should be 
noted that although the frequency of respiration was unaltered in these 
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individuals, and the depth diminished, yet the percentage oxygen absorp- 
tion always rose. The percentage carbon dioxide elimination showed less 
alteration but was frequently increased. 
(iii) Slowing of respiration, depth decreased. or unaltered. Subjects 
who responded to an inspiratory resistance in this way show respiratory 
exchanges resembling those of the subjects described under (ii). Without 
exception, these individuals when breathing through a resistance and 
performing muscular work experienced some degree of discomfort or 
(iv) Increased frequency of respiration with diminished depth. Amongst 
these individuals the most constant change was a diminution in the total 
carbon dioxide elimination, while the oxygen absorption was usually but 


tory elimination absorption 
Minute rate Tidal 
volume per air ¢.c./ 
Subject 7: min. 6.6, p.c. p.c. min. B8.Q. 
Before resistance 10-3 22 468 286 295 369 380 0-78 
Resistance in 10-3 56 184, 214 220 400 412 = 0-54 
After resistance out 12:3 34-25 ag 68 315 289 355 0-89 
av. 
Subject 8: 
Before resistance 45-32 20 2266 480 2175 464 2103 1-03 
Resistance in 36-77 37 994 508 1868 563° 2070 0-90 
After resistance out 58-53 36 1625 425 2488 433 2534 0-98 


Subject 7: At rest. Resistance 5 layers of paper. Distressed. 
Subject 8: Working 7700 ft. Ib./min. Resistance 2 layers of paper. Distressed. _ 
The two experiments detailed here illustrate the interesting point that 
although the volume of tidal air was often halved by interposing the 
resistance, yet a considerable increase in percentage oxygen absorption 
was frequently observed during this period, accompanied by a slight 
increase in percentage carbon dioxide elimination. 
The respiratory exchanges of the subject who showed a sudden change 
to a rapid shallow type of breathing during the period of inspiratory 
resistance are given below: 


Subject doing work. 
Subject 9. 5 layers of paper, 2500 ft. lb./min. Discomfort experienced. 
Respira- CO, 
elimination i 
absorption 
volume per air ¢.¢./ ¢.c./ 
litres min, pc. min, p.c. R.Q 
Before resistance we 20 518 884 581 0-89 
Resistance in (period i) 1431 8 1739 619 886 745 1073 0-82 
Resistance in (period ii) 14-30 271 461 £661 618 0-74 
ce out 22-03 42-29 847 500 1097 522 1165 0-94 
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It will be noticed that during the initial period of slow deep breathing, 
although the minute volume of ventilation fell, the total oxygen absorp- 
tion increased, while the total carbon dioxide elimination remained un- 
altered. When after 2} min. the breathing altered in type, the total 


_ ventilation was scarcely altered, but both the oxygen absorption and the 


carbon dioxide elimination fell, the latter, however, being more diminished 
than the former. This state could, however, only be tolerated for just 
over 4 min. because of the subject’s distress. 


| Analysis of alveolar air samples. 3 

A comparison of samples of alveolar air taken when the subject’s 
breathing was unresisted and while he inspired through a resistance 
showed that the inspiratory resistance produced a rise in the alveolar 
COQ, p.c. such as Davies, Haldane and Priestley [1919] described. 
Successive alveolar samples showed that this rise occurred immediately 
after the introduction of the resistance, and when the resistance was 
moderate the alveolar CO, content quickly reached a steady level, and 
remained at this value until the resistance was removed. The actual 
figure for the alveolar CO, content during this period varied with the 
individual and with the resistance used. When a resistance of strength 
sufficient to cause distress was used, the alveolar CO, was found to increase _ 
gradually throughout the experiment (Table I). 


Taste I. 
co, 
Subject Conditions of test Time of sampling p.c. Symptoms 
10 2970 ft. Ib./min. After 3 min. work 7:32 — 
Resistance in (2 la 1 sec, after resistance in 7-73 
— 4} sec. after resistance in 7.90} No discomfort 
2970 ft. Ib./min. After 4 min. work 7:28 — 
Resistance in (5 layers 30 sec. after resistance in 8-07 
9 2970 ft. Ib./min. After 5 min. work — 6-48 — 
Resistance in (5 la 30 sec. after resistance in 7:35 
cui 45 sec. after resistance in Hed Distress 
2970 ft. 1b./min. After 4 min. work 6-43 _ 
After 5 min. 30 sec. work 6°33 — 
i 1 min. 30 sec. after resist- 
Resistance in (3 layers) sec 
: 4 min. after resistance in 7-15 
1] 3565 ft. Ib./min. After 4 min. work 
Resistance in (2 la, 1 min. after resistance in 
orn 3 min. 30 sec. after resist- | Nodiscomfort 
: ance in 6°87 
Resistance in (5 la 30 sec. after resistance in 7-59 
eum 2 min. 30 sec. after resist- | 
ance in 8-09 
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Discussion. 


Regarding the mechanism of breathing, it appears from these results 
that the usual first effect of an inspiratory resistance is to slow the 
inspiratory phase, while the rhythm remains unaltered, thus producing a 
diminished tidal air with no change in frequency of respiration. In some 
subjects, with a slight resistance, this small change in the volume of tidal 
air is the only one observed. In the majority of subjects, however, and 
especially when a slightly greater resistance is used, this first stage is 
quite transitory, and rapidly gives place to an increase in total ventilation, 
brought about as a rule by a change in respiration to a slow deep type. 
This change usually gives a total ventilation equal in volume to that 
recorded when inspiration is unrestricted. In two subjects of this series, 
the increased total ventilation was brought about by an increased fre- 
quency of respiration, the volume of tidal air remaining reduced. What- 
ever the nature of the initial response, a stage was eventually reached, as 
the resistance or the work done was increased, when the total ventilation 
fell as a result of failure to maintain the volume of tidal air against an 
excessive resistance. 

Changes in total CO, elimination and in alveolar CO, while the subject 
inspires through a resistance suggest that the immediate effect of a light 
resistance is to impede the elimination of CO, so that the alveolar CO, 
rises, explaining the usual response of increased depth of breathing. The 
Increased ventilation thus produced is adequate and the alveolar CO, 
tension remains steady at a raised level. With a greater resistance the 
respiratory muscles fail to respond and further increase in depth of 
breathing is impossible. The ventilation is thus inadequate, the alveolar 
CO, tension rises steadily and the total CO, elimination falls. This 
rising alveolar CO, tension is the most obvious indication that the re- 
sistance is excessive, and that symptoms of respiratory fatigue will soon 
appear. 

The results suggest that the important factor in defining the limit of 
toleration of an inspiratory resistance is the elimination of carbon 
dioxide. The facts in support of this hypothesis are: 

(1) The most constant alteration in the respiratory exchange as the 
result of breathing through a resistance is a decrease in the volume of 
carbon dioxide given out per minute; this decrease may be absolute or 
relative to the volume of oxygen absorbed. 

(2) This defect in carbon dioxide elimination becomes more marked 
as the resistance is increased or as the subject’s ventilation is increased 
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by exercise, and its extent corresponds with the degree of discomfort or 
distress experienced by the subject. 

(3) The symptoms experienced by the subject are related to a rise in 
his alveolar CO, content. 

(4) As the type of breathing changes from slow deep respiration to a 
more shallow type, this decrease in carbon dioxide elimination becomes 
more marked. 

Another point of interest in this connection is the similarity between 
the sensations experienced when breathing a mixture containing about 
7 p.c. carbon dioxide, and during the rapid shallow breathing induced by 
breathing through an excessive inspiratory resistance. The observation of 
a decrease in volume of the tidal air with excessive inspiratory resistance 
is interesting in view of certain suggestions made by Davies, Brow and 
Binger [1925] as to the nature of respiratory fatigue. These observers 
followed the ventilation coefficient during successive periods of re- 
breathing. They found that a change occurred in the response to carbon 
dioxide after several rebreathing periods; the ventilation coefficient was 
raised at low carbon dioxide percentages, but fell at high carbon dioxide 
percentages (above 5). They suggest that respiratory fatigue consists of 
two elements, one nervous, manifesting itself in increased excitability of 
the centre, and a more marked response when the demand for pulmonary 
ventilation is small, the other muscular and involving an inability to 
respond when the demand for pulmonary ventilation is great. Obviously, 
this second element is important when the effects of breathing through a 
resistance are considered, for the additional demands on the respiratory 
muscles involved in drawing air through the resistance must be con- 
siderable, and the early onset of signs of respiratory fatigue is readily 
explicable. 

Davies, Haldane and Priestley [1919] consider that the onset of 
rapid shallow breathing while breathing through a resistance is an indica- 
tion of fatigue of the respiratory centre, but the onset is not associated 
with anoxemia. They state, however, that anoxemia results from this 
type of breathing, referring to previous work on the results of artificial 
restriction of the volume of inspiration. By restricting the volume of 
inspiration, Haldane, Meakins and Priestley [1919] found that as 

- the volume was diminished, the frequency of respiration rose, but they 
found no difference in the respiratory quotient of expired or of alveolar 
air until the tidal air was below 150 c.c. and the rate between 100 and 
150 per minute: at this stage asphyxia appeared, with a low respiratory 
quotient for expired and alveolar air. They adduce as evidence of 
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anoxwemia the periodic breathing which occurred under such conditions, 
and its relief by oxygen. The results of the present series of tests suggest 
that as far as inspiratory resistance is concerned, the symptoms due to 
- retention of CO, would serve as a warning before the supervention of 
fatigue of the respiratory centre with its attendant danger of anoxsmia. 


‘Summary. 


1. There is a limit to the pdwer of suction that can be exerted during 
inspiration by any individual. Within the limit thus set by the capacity 
of the individual, the pressure head available to draw air through the 
resistance (¢.e. the suction) can be varied according to (a) the resistance, 
(b) the rate of air flow necessary to provide adequate lung ventilation. 
When this limit is exceeded either by an increase in the resistance, or 
by the increase in the ventilation necessary during muscular exertion, 
adequate pulmonary ventilation becomes impossible, and symptoms of 
distress are experienced. 

2. The effect of an inspiratory resistance on the type of breathing 
is variable, the most frequent response being slowing and deepening of 
the respiration. In certain subjects, however, this increased depth of 
respiration is not observed. Whatever the initial response, there is a 
general tendency, as the resistance interposed or the work done by the 
subject is increased, for the breathing to become less deep and more 
frequent. 

3. Analysis of samples of expired and of alveolar air showed that the 
most constant alteration in the respiratory exchange while breathing 
through an inspiratory aes: was failure of adequate carbon 
dioxide elimination. 

4. It is suggested that the important factors in bringing about the 
respiratory failure which eventually results from breathing through an 
excessive resistance are fatigue of the respiratory muscles and retention 
of carbon dioxide. 


My best thanks are due to Dr C. G. Douglas for his valuable help and criticism. 
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FACTORS AFFECTING BLOOD GLYCOLYSIS 
IN VITRO AND IN VIVO. 


By FONG YEN HSU}. 
(From the Department of Physiology, University College, London.) 
(Recewed January 21, 1935.) 


_ In a series of studies in this laboratory ‘concerning the carbohydrate 


metabolism of perfused organs it was necessary, by way of control, to 
investigate the chemical changes taking place simultaneously in the 
perfusing fluid—defibrinated blood. That the shed blood loses its sugar 
on standing has indeed been known since the time of Claude Bernard 
[1876, quoted by Lundsgaard, 1933]. It was subsequently shown that 
this chemical change in the blood is a function of its corpuscles [Rona and 
Déblin, 1911; Levene and Meyer, 1912, 1913; Rona and Arnheim, 
1913; Macleod, 1913], and that parallel with the disappearance of sugar 
there is an almost corresponding appearance of lactic acid [Kraske, 
1912], which is indeed the cause of the loss of carbon dioxide combining 
power of the untreated shed blood, and which can be prevented by oxalate 
and especially fluoride [Mellanby and Thomas, 1920; Evans, 1922]. 
The rate of glycolytic change is, however, not constant: thus, it varies 
with different species of animals, with the acid-base equilibrium of the 
blood, and with the temperature under which the blood is subjected. It 
is well known, for instance, that the blood of pigs and oxen does not gly- 
colyse so rapidly as that of men and dogs [Loeb, 1913], and that, within 
limits, a rise of pH or of temperature accelerates the change, the tempera- 
ture coefficient of rabbit’s corpuscles between 27 and 37° C. being 2-1 
(Irving, 1926]. More recently Dische and Sachs [1934] reported that 
the washed corpuscles from a fatigued adult animal glycolyse more 
slowly than those obtained from the normal animals, together with the 
accumulation of phosphoric esters. 

Although shed blood invariably exhibits glycolysis, it has generally 
been considered to be insignificant in amount as compared with the 
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changes suffered by the blood through its contact with the tissues. 
Cruickshank and Startup [1932, 1933], for instance, held the view 


that the accumulation of lactic acid observed in defibrinated blood does 


not occur in heparinized blood, and that in the well-oxygenated blood 
circulating through the heart-lung system the glycolysis initiated in the 


blood itself is negligible in the first 2 hours. Consequently in their 


calculations on the metabolism of the heart-lung preparation this factor 
has been left out of account. 

In our experiments, however, it was a routine practice to put aside as 
a control a fraction of the same blood in conditions.comparable with 
_ those to which the blood of the major experiment was submitted, and to 
study its chemical changes. We soon realized how necessary this pro- 
cedure was, since it enabled a further analysis of tissue metabolism to be 
made by introducing into the picture a constant source of glucose loss 
and lactic acid gain instead of merely a constant glucose loss attributable 
to the activity of the perfused tissue. It would seem that this altered 
conception can equally be applied to the metabolism of the intact organ- 
ism, for there is every probability that this long-recognized glycolytic 
phenomenon takes place also in the circulating blood in ‘vwo, and is by n no 
means negligible in extent. 

The present paper deals with some of these more general aspects of the 
subject. 

Many of the experiments presented here are abstracted from the 
control observations in connection with individual experiments on organ 
perfusions; while some of them were epetnny executed, 


EXPERIMENTAL. 


Dog’s blood, usually defibrinated, was employed for the majority 
of experiments; occasional use was also made of the blood of cat, sheep 
and pig. The methods for chemical estimations were those generally used 
in this laboratory. Blood lactic acid was estimated by the method of 
Friedemann, Cotonio and Shaffer [1927], trichloroacetic acid being 
employed for the precipitation of proteins. Blood sugar was estimated 
by Shaffer and Somogyi’s method [1933], following the deproteiniza- 
tion by Somogyi’s cold zinc hydroxide or copper method [1930, 1931]. 


| (1) Blood glycolysis in vitro. 
The question as to whether the phenomenon of glycolytic formation of 


lactic acid in the shed blood is due to some artificial conditions imposed 
on the blood during the process of defibrination, as maintained by 
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Cruickshank and Startup [1932], can be clarified by comparing the 
chemical changes taking place in the blood prevented from clotting by 
different methods. The figures in Table I summarize the results of nine ex- 
periments of this kind. Dog’s blood was used throughout, and the samples 
were kept in cylinders and left stationary in the water bath at 37° C. 


Tanix I. Rate of glycolysis in shed dog’s blood. 


Average rate, mg./100 c.c./hour 
Description of blood of exps. Sugar loss Lactic acid gain 
Defibrinated 5 17-4 13-7 


2 152 13-1 
pink 2 11-6 11-5 


It will be seen that all the samples produced amounts of lactic acid 
of approximately the same order per unit volume and time. The results 
therefore do not confirm the statement made by Cruickshank and 
Startup [1932] that a great part of the sugar that disappears in 
heparinized blood is oxidized. 

Likewise the dye chlorazol fast pink BKS [Huggett and Rowe, 1933] 
exerts very insignificant influence on blood glycolysis. 

The facts that blood im vitro circulated by a pump does undergo 
glycolysis and that the glycolytic rate is the same whether the blood is 
kept stationary or rotated in a saturator (“tonometer”) have been shown 
by Evans ef al. [1933] and Evans, Hsu and Kosaka [1934]. In view 
of the slight difference between the mode of motion of the blood kept in a 
rotating “tonometer” and that circulated in the perfusing apparatus, 
however, an experiment was carried out to compare the rate of glycolysis 
under these two conditions, the perfusing apparatus being the constant- 
level pump oxygenator circuit described by Evans, Grande and Hsu 
[1934] minus the heart. A further object of this experiment was to 
determine the effect of temperature variations on blood glycolysis, be- 
cause in the apparatus as first designed the heating device was imperfect 
and therefore the blood was subjected to slight changes of temperature 
while circulating through the system. The mean temperature of the blood 
in circuit was estimated to be 365°C. The blood samples in the two 
“‘tonometers” had a temperature of 33 and 39° C. respectively. All the 
blood samples were in equilibrium with 5 p.c. CO, in Q,. 

The changes in concentration of blood sugar and blood lactic acid in 
this experiment are presented in Fig. 1. It will be noted that the rate of 
glycolysis in all the samples was lower than in those presented in Table I; 
this is because in this experiment CO, was added to the gas phase, and 
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moreover the blood had been filtered through glass wool and five times 
through fine muslin—a routine preliminary treatment for our heart 
perfusion experiments [Evans, Grande and Hsu, 1934}—and therefore 
had suffered a decrement of glycolytic power, which will be explained 
shortly. It is clear, however, that the degradation of sugar and formation 
of lactic acid were influenced by temperature but not by the mode of 


—e— Lactic acid 
—o— Sugar 


0 2 


Fig. 1. Effect of temperature on blood glycolysis: 33 and 39° C., in “tonometers”: 
C. in the pump-oxygenator circuit. 


circulation. It therefore seems justifiable to believe that blood glycolysis 
is @ common property of shed blood irrespective of whether it is kept 
stationary or is in constant or intermittent motion. And, on account of 
its magnitude, it is evidently imperative that it be duly considered in 
making calculations on organ metabolism where relatively large amounts 
of shed blood are involved. 

The four experiments on the effect of temperature given in Table II 
were carried out on defibrinated blood of the dog. The blood was divided 
between two “tonometers” each filled with 5 p.c. carbon dioxide in 
oxygen. The two samples were rotated in water baths of different tem- 
peratures: one at 33-5° C. and the other at 38-5° C. 
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Tanz II. Effect of temperature on glycolytic rate, mg./100 c.c./hour. 


33°5° C, 38-5° C, 
Period Sugar acid re- Sugar acid Pc, re- 
Exp. No. — hours loss gain covery loss gain covery 
479 2 22-1 17-6 80 25-2 22-6 89. 
475 1 18-0 13-5 75 23-0 18-5 80 
481 1 13-7 8-1 59 18-8 15-4 82 
1 6-5 4-5 69 15 80 


* Blood filtered five times through glass wool and muslin. 


From this table the effect of temperature on the rate of blood glyco- 
lysis is obvious. Thus for an increase of temperature of 5° C., from 33-5 to 
38-5° C., the average increase for sugar degradation was 23 p.c., but that 
for lactic acid formation was 47 p.c. This difference in the increase of 
percentage of recovery means that at higher temperatures the transfor- 
mation was more complete than in lower temperature, a phenomenon - 
suggesting that the breakdown of one or more of the intermediary 
substances requires a slightly higher optimal temperature than does 
their formation. 

It is a notable fact that in very few cases in our experience is there 
an exact correspondence between the quantity of sugar which disappears 
and that of lactic acid formed, the general tendency being for the latter 
to fall short of the former, Loss through oxidation is perhaps chiefly 
responsible for this phenomenon, though other causes are not excluded. 
One of them is the accumulation or breakdown of various substances 
known to be formed as intermediaries. This latter seems to be the only 
explanation of the phenomenon observed in connection with the effect of 
temperature on glycolysis. 

Our observations on diabetic blood show also that in average its 
glycolytic activity is normal, but its individual difference from time to 
time is even bigger than that of the normal blood, a fact probably also 
reflected in the irregularity of the intermediary processes therein. No 
attempt, however, was made to study the detailed sacarsccemtens mechan- 
isms underlying this phenomenon. 

It would be a waste of space to quote all the figures for the control 
observations on blood glycolysis made in connection with the perfusion 
experiments. Table III gives the average and range of magnitudes in 
such observations, together with those made specially for the purpose 
of this paper, the only difference between them being that the blood 
for the first lot had been carefully filtered while that for the second 
had not. 
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Taste ITI. Average rate of glyociysis of the blood of different animals under 
different conditions. 


mg./100 
Sugar loss Lactic acid gain 
No. of co 

Description exps. Average Range Average Range 
Filtered, air ll 16-3 10-22 141 10-20 
Unfiltered, air 20-2 16-24 18-2 14-21 
Filtered, O, 19 122 129 10-20 
Filtered, 5 p 10-3 7-17 8-8 5-16 


3-6 
4-6 4:2 


From this table it can be seen that, while the difference in glycolytic 
rate between the blood of dog and cat on the one hand, and of sheep and 
pig on the other, is very striking, the range of individual differences 
- among the bloods of the same species is by no means negligible. In our 
_ experience the glycolytic change of the blood is not influenced by the 
addition im vitro of adrenalin or insulin. The addition of 5 p.c. CO, to 
the gas phase, which approximates more to the natural condition of blood 
in the body, has undoubtedly an inhibitory influence. The apparent 
difference between the rate of blood glycolysis in air and that in pure 
oxygen we think to be fortuitous; in fact most of the figures in the latter 
category were derived from the experiments with the Euler and 


Heyman’s oxygenator in which there was extensive hemolysis [Evans, 


Hsu and Kosaka, 1934]. 
Qn the other hand, there is a clear distinction between the rate of 
glycolysis in the filtered and the unfiltered bloods. The explanation for 


this must be sought in differences in the relative numbers of leucocytes — 


in the two instances, The process of filtration of the blood inflicts a loss of 
leucocytes, as is shown by the following observation: 


White count of dog’s defibrinated blood. 


White count 

Description per ¢.mm., 
Fresh blood 15,400 
Fresh blood, after 10,000 
Aa bore, then five ho the lungs 4,000 


Since the leucocytes exert a relatively greater glycolytic activity, it is 
certain that such blood must by their loss have suffered a decrease in 
glycolytic power. 
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(2) The role of leucocytes in blood glycolysis. 

The study of the physiology of leucocytes has generally been carried 
out on pure specimens obtained either as exudate cells following the 
injection of irritating substances into the animal [Levene and Meyer, 
1912, 1913], or by getting rid of the red cells through centrifugation 
[Fujita, 1928]. The leucocytes thus obtained are, however, either patho- 
logical or else have possibly been subjected to a certain amount of 
mechanical or chemical damage. In order to avoid this the blood used in 
the present series of experiments was treated in a way similar to that 
described by Maclean and Weir [1915]. The defibrinated blood was 
centrifuged, while still warm, first slowly and then at 3500 revolutions 
per minute, for from 20 to 30 min. The serum was then separated off and 
measured: about half of the cells from the bottom of the tube, which 
consisted almost exclusively of red cells, were then transferred by a wide- 
bored pipette to a third tube. The serum was afterwards equally divided 
between the two volumes of cells. Two samples of blood were thus 
obtained, one containing practically no leucocytes, while the other con- 
tained about twice as many leucocytes as the normal, other things being 
the same. In this way the leucocytes had not been interfered with, but 
yet their metabolism could be studied by the difference between the two 
samples, A third sample of normal blood served as control. All three 
samples were incubated at 37-5° C., and usually equilibrated with 5 p.c. 
CO, in O, by rotation in the “tonometer”. White counts were made by 
usual methods at the end of each experiment. The results from six of 
such experiments are presented in Table IV. 


Tanz TV. Glycolysis mg./100 c.c./hour, of normal defibrinated dog’s blood (V), of blood without 


leucocytes (N-—L), and of blood with the double amount of leucocytes as the normal (N +L). 


Rate of glycolysis 
N N-L N+L (N +L) 

and and and and 

Air 55 45 70 25:5 24-5 18-0 165 145 

. 62 7:2 . 


0. CO, in 163 114 130 90 100 
155127 120 60 42 70 20185 200 13-0 11-4 


* W.C.=white count in thousands per c.mm. Sugar and L.A. =sugar loss and lactic acid gain. 


The last column in the table gives the calculated average glycolytic 
rates of the two samples of experimental blood (N —L)and{N +L). Itis 
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interesting to note that they agree fairly well with the corresponding — 


values of the original samples (N), showing that no damage was done to 
the samples during their preparation. 

- ‘The important position of leucocytes in blood glycolysis is obvious. 
Thus by doubling their amount in the normal blood the change was 
speeded up to about 40 p.c., while by depriving the blood of all of its 
leucocytes the change was dowel down to about 50 p.c. for the — 
degradation and about 35 p.c. for lactic acid formation. 


Tasiz V. Glycolysis due to erythrocytes and leucocytes in the normal dog’s 
defibrinated blood, mg./100 ¢.c. blood/hour. 


Erythrocytes Leucocytes 
Exp. No. Sugar — Lactic acid Sugar Lactic acid 
419 9-0 8-5 2-8 1-9 
421 5-5 4-5 10-0 10-0 
423 8-6 9-1 8-4 55 
470 6-2 7:2 48 2-4 
481 9-0 10-0 6-5 4-5 
484 6-0 4-2 7:0 71 
| Mean 7:38 7°25 6-58 5-23 
Average recovery 98 p.c. 80 p.c. 


Table V gives the total contribution of the red and white cells to the 
glycolysis effected in each individual experiment. The figures for erythro- 
cytes were copied from those of Table IV (column N—L), and the figures 
for leucocytes calculated from the formula  gince the 
(N —L) samples in the experiments were not entirely leucocyte-free, the 
(N+) samples did not contain exactly double the normal number of 
leucocytes, so that the calculated values for the erythrocytes are a little 
too high, and those for leucocytes somewhat too low. But the average 


figure shows clearly that the leucocytes, in spite of their smaller numbers — 


and relatively inconsiderable mass, play a role just as important as that 
of the erythrocytes. 

It will also be seen that while the average percentage of recovery of 
lactic acid in terms of sugar loss in the glycolysis effected by the red cells 


approaches unity, that for the leucocytes is only about 80p.c. This — 


deficit can be explained by the high oxidative activity of the leucocytes 


demonstrated by the Warburg school [Warburg, 1930], though other _ 


possibilities are not excluded. 


The frequently observed individual differences in glycolytic rate, 


which are also prominent in Tables IV and V, can in part be readily 
explained when the rate is correlated with the white cell count. This 


relation is expressed in Fig. 2. 
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Aside from the values obtained from Exp. 421, which has an ex- 
ceptionally high glycolytic rate, probably due to high pH (CO, being 
absent from the gas phase), all the other values seem to exhibit a linear 
relationship with the white count. When the curves are extrapolated to 
cut the ordinate at 0 the theoretical values for the glycolytic rate due 
exclusively to the red cells should result. These were 5 and 6 mg./100 c.c./ 
hour for lactic acid production and sugar disappearance respectively, 


S$ 8 & 


@ 


Rate of glycolysis mg./100 c.c./hr. 


4 
—o— Sugar - 
—e— Lactic acid+ 
6K 
4b 
2 


18 20 22 24 2% 
White count, thousands per c.mm. 


Fig. 2. White count and the rate of glycolysis of dog’s defibrinated blood. 


values slightly below those given from Table V. Taking these figures and 
calculating from the slope of the curve one can make out that each leuco- 
cyte breaks down about 8x10-° mg. (or roughly 6p.c. of its own 
weight) of sugar and produces about 6 x 10-® mg. of lactic acid per hour in 
the conditions prevailing in the present experiments. The number of 
erythrocytes in such blood was found in one experiment to be about 
9 millions per c.mm. From this it can be calculated.that each red cell 
can break down about 7 x 10-* mg. (or not more than 10~* times its 
own weight) of sugar and produce about-6 x 10- mg. of lactic acid per 
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hour. That is, cell for cell, the glycolytic rate of the white cells is about 
1000 times that of the red. 


(3) Blood glycolysis in the intact vessel. | 
On account of the unavoidable chemical and physical changes 
inflicted on the blood after shedding, it is interesting to enquire whether 
the process of glycolysis thus far observed is an artefact at all. Although 
we are unable to study the chemical changes of the circulating blood in 


the intact bedy, we can do so on the blood in a more natural state by 


isolating a segment of blood vessel with blood in it, since it is known that 
under these conditions the blood clots only very slowly, provided that 
the intima is not damaged. | 
Experiments were accordingly carried out to ascertain whether blood 
confined within a vessel does undergo glycolysis. The vessel used was 
generally the inferior vena cava or the external jugular vein of the 
anssthetized dog. After ligating the proximal end of the vein and any 


small branches, blood was forced into the vein from the distal organs, the — 


distal end then tied off, and the segment of vessel removed. Usually from 
2 to 5c.c. of blood can be stored in the portion of vein. After mixing 
the blood in the vein the first sample was taken by tying off one half of 
the vessel. The other half was then put in a tube under liquid paraffin, 
and rotated in the water bath at 37°C. Usually there was no clotting 
during a period of not more than an hour, at which time the second sample 
was taken. When the quantity of blood was too small, the method of 
Hagedorn-J ensen was used for sugar estimation. 

Frequently a control sample of heparinized venous blood taken before 
tying off the vein was used and treated in the same manner for the sake 
of comparison. 

Tanta VI. Rate of glycolysis, mg,/100 c.c./hour, of blood in the intact vein and of 


heparinized blood in vitro. 
In the vein In vitro 

Exp. No. Sample Sugar acid Sugar acid 

458A Inferior vena cava, below liver 16-5 16-0 — _ 
458 B Inferior vena cava, below liver 18-0 13-0 
470 Inferior vena cava, below liver 16-0 17-6 10-0 7-4 

480 Inferior vena cava, above liver 53-0 120 
484 External jugular 18:7 13-7 14-2 13-5 


The results given in Table VI show that in spite of the undoubtedly 
high carbon dioxide content of the blood, the glycolytic change taking 
place in blood in the intact vessel is very vigorous, being in fact more 


‘x 
A 
poy 
4 
% 
“SE 
‘3 
A 
. 
a 


BLOOD GLYCOLYSIS. 183 


rapid than that taking place in the control heparinized venous blood. 
Since blood in such a condition closely resembles that circulating in the 
body and does exhibit the same type of chemical change as the defibri- 
nated blood, there is every probability that the facts found so far in 
connection with blood glycolysis in vitro can be applied with at least equal 
force to the blood in vivo. 

* The reason why the blood in the intact vein glycolysed more rapidly 
than that of the control samples might be due to one or more of three 
factors: that heparin might exert an inhibitory influence; that the intact 
blood platelets also glycolyse and at a greater rate before than after 
disintegration; or that the vascular wall itself exerts an augmentatory 
influence on glycolysis. The first possibility can be excluded from an 
inspection of Table I. That the blood platelets do exert glycolytic action 
has already been demonstrated by Warburg’s method by Endres and 
Kubowitz [1927] and others. But there is no evidence that after dis- 
integration their chemical action is lost. The third possibility, that of a 
glycolytic action of the isolated blood vessels, is, however, demonstrated 
in the experiments summarized in Table VII, in which segments of 
opened blood vessels, as fresh as possible, were incubated with defibri- 
nated blood. 


Taste VII. Rate of glycolysis, mg./100 c.c./hour, of blood incubated with — 


excised blood vessels. 
Blood alone Blood + Vessel Vessel alone* 
Lactic Lactic 
No Sugar acid Vessel c.c. Sugar acid Sugar acid 
477 15°6 20-4 0-3 g. jugular 10 17-4 24:6 60 140 
479 21-7 16-5 . 4 16-7 14 4 
487A 16-8 16- 6 18-0 18-6 24 
487B 16-8 16-8 1-8 g. aorta 6 37-8 34:8 70 60 
481 10-0 l ore aes 5 32-0 33-0 60 64 
484+ 17-0 13-0 an 10° 44-0 53-0 90 133 


rate of glycolysis due to in mg. ‘ A 
this wen dicected abou’ 10 min. after the death of the 


It will be seen that the metabolic action of the blood vessels is of the 
same character as that of the blood, viz. the consumption of blood 
sugar and the formation of lactic acid. The high yield of lactic acid in 
Exp. 484 is probably due to the outward diffusion of lactic acid formed 
during the period of asphyxiation. The results show also that the bigger 
the vessel used, the more vigorous is the chemical change. The small 
magnitude of glycolysis due to the wall of the jugular vein lends further 
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support to the conclusions drawn from Table VI, for the figures presented 


there are too large to be covered by the metabolism of the vascular wall 
alone. 
DISCUSSION. 


Since in no case in our experience has the phenomenon of blood 
glycolysis failed to appear, it can be considered as well established that 
this process is always in operation, whether in vivo or in vitro. In vitro its 
importance lies in its tending to obscure the true nature of the metabolic 
changes of other tissues when being perfused with blood. In the intact 
body it certainly may contribute a large portion of the blood lactic acid 
during rest [Cook and Hurst, 1933]. In fact this source alone would 


seem likely to keep the cycle of lactic acid -> liver glycogen + blood sugar 


[Himwich, Koskoff and Nahum, 1928; Cori and Cori, 1929] in 
continuous operation, as otherwise in the course of a few hours the 
circulating blood would be overloaded with lactic acid. 

The important place of leucocytes in this connection is indeed to be 
expected, judging from the results of previous workers. Maclean and 
Weir [1915], for instance, maintained that the rate of degradation of 
sugar by the individual leucocytes was 200-1000 times that of the 
individual erythrocytes, an estimate which is in accord with the one 
given above; Fleischmann and Kubowitz [1927], using Warburg’s 
technique, found: that anaerobically exudate cells produced lactic acid at 
the rate of 2-8-12:8 p.c. of their dry weight per hour, the rate being much 
retarded in the presence of oxygen. Generally, however, their participa- 
tion is more or less ignored, perhaps because of their small mass, and the 
seat of glycolytic enzymes has been almost unanimously located in the 
red blood corpuscles. In the light of the present investigations it can 
readily be seen that it is the number of leucocytes which mainly determines 
the glycolytic rate of the blood. Incidentally this conclusion is in full 
agreement with the observation made by Schmitz and Glover [1927] 
on the blood of patients suffering from myelogenous leukemia. 

The glycolytic nature of the vascular wall is interesting; not only in 
itself, but also in its usefulness in enabling us to understand the meta- 
bolism of the vascular system as a whole, and particularly in explaining 
the phenomenon of the lactic acid formation by the lungs [Evans, Hsu 
and Kosaka, 1934]. Whether in the intact body, in which the condition 
of oxygenation is far more efficient than in the present incubation experi- 
ments, the vascular wall does undergo an aerobic glycolysis of a magnitude 
comparable to that obtained here, is an open question. Morphologically 
the vascular wall is composed of endothelium, smooth muscle and con- 
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nective tissues. The endothelial cells, being closely related to the leuco- 
cytes, would be the most liable to possess a high glycolytic activity. — 
That the smooth muscles can also effect glycolysis with glucose as 
substrate has likewise been demonstrated by Meyerhof and Lohmann 
[1926]. It is quite conceivable, therefore, that without the full inhibition 
due to the “ Pasteur Reaction”, a trace of anaerobic metabolism can still 
be retained in the tissues of the intact vascular wall. 


‘SUMMARY AND CONCLUSION. 


1. The glyoolytio activity of the shed blood as well as that of the 
blood in the intact vessels has been reinvestigated. 

2. The results confirm the old teaching that the glycolytic rate of the 
blood of the pig and sheep is lower than that of the dog and cat. The 
influence of reaction and temperature in modifying the rate is also 
confirmed. 

3. The individual differences observed in the glycolytic rate of dog’s 
defibrinated blood were found to be due largely to the variation in the 
number of leucocytes in the blood. It has been calculated that each 
leucocyte in the present experimental conditions produces about 
6 x 10-* mg. of lactic acid out of 8 x 10-* mg. of glucose per hour, while 
the individual erythrocytes can only glycolyse about 1000 times more 
slowly. 

4. Blood in its more natural conditions in the blood vessels also 
exhibits glycolysis; moreover, the vessel which contains it can also 
produce lactic acid at the expense of blood sugar. It is suggested that this 
glycolytic phenomenon of the vascular wall might explain the same 
property of the lung tissue. . 


I am deeply grateful to Prof. C. Lovatt Evans for his invaluable encouragement and 
help. I wish also to express my thanks to Dr T. Kosaka, Dr F. Grande and Dr J. Yule 
Bogue for allowing me to publish some of the data obtained conjointly from the control 
observations on organ perfusion as stated in the text. 
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NERVE IMPULSES FROM BRANCHIAL PRESSURE 
RECEPTORS IN THE DOGFISH}. 


By L. IRVING, D. Y. SOLANDT ann O. M. SOLANDT. 


(From the Unwersity of Toronto, the Marine Biological Laboratory, 
Woods Hole, and the Woods Hole Oceanographic Institute.) 


(Received January 31, 1935.) 


Tae smooth dogfish (Mustelus cams) and the spiny dogfish (Squalus 
acanthias) have similar innervations of the branchial region. Both have 
five true branchial nerves, the first being a branch of the glossopharyngeal 
nerve and the remaining four being successive branches of the vagus 
nerve, Each branchial nerve divides into three branches, a pre-trematic, 
a pharyngeal and a post-trematic branch [Norris and Hughes, 1920]. 
These branches, on separating from the parent nerves, all traverse the 
floor of the anterior coronary sinus. By opening the sinus and plugging 


the afferent and efferent vessels with cotton wool, the nerves may be 


dissected out for a length sufficient to permit them to be placed on 
electrodes. 

In these experiments the electrodes were connected to a vacuum tube 
amplifier which operated a Matthews’ oscillograph with the conven- 
tional system of photographic recording. 

Lutz and Wyman [1932] have shown that electrical stimulation of 
the central end of a cut branchial nerve, at least in the case of the first 
to fourth nerves inclusive, will cause an inhibition of the heart beat. 
Slowing of the heart can sometimes be obtained by weak electrical stimu- 
lation of a branchial nerve. These effects are abolished by cutting both 
the ramus visceralis of the vagus and the post-trematic branch of the 
fifth branchial nerve. 

With a view to detecting any afferent impulses in the branchial nerves, 
impulses which might take part in the normal reflex control of the heart, 
each branch of the five branchial nerves was dissected out and the cut 


2 Contribution No. 75 of the Woods Hole Oceanographic Institution. 
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peripheral end placed on electrodes. With the heart beating normally, 
bursts of impulses, synchronous with cardiac systole were observed in 
the pre-trematic branches of all five true branchial nerves, and in the 
post-trematic branches of the first four true branchial nerves. Lowering 
the blood-pressure by bleeding the fish always obliterated the impulses 
in all the nerves, even with the heart beating actively. Raising the blood- 
pressure with a dose of adrenaline tended to change the pulsatile bursts 
of impulses into a continuous train of impulses with all evidence of heart 
beat rhythm obliterated. The fact that adrenaline has a prolonged pressor 
effect in the elasmobranch fishes has already been established [Wyman 
and Lutz, 1932]. 


Line of incisi 
into anterior 
External +. 
cleft (1) 
(2) 


Fig. 1. Dorsal view of vagus’distribution to branchial region in the dogfish. 


_ Pressure perfusion of the branchial vessels was obtained by cannu- 
lating the ventral aorta at the region of the termination of the conus 
arteriosus. The normal systolic blood-pressure in the ventral aorta of 
the spiny dogfish has been found to be about 28 mm. Hg with a pulse 
pressure in this vessel of about 13 mm. Hg [Lutz and Wyman, 1932]. 
Raising the pressure in the branchial vessels from 15 to 25 mm. Hg, by 
perfusion with an elasmobranch Ringer solution, caused a burst of 
afferent impulses along each of the nerves on which pulsatile impulses 
had been detected when the circulatory system’was left intact. When 
this increase in perfusion pressure was of a transitory nature the im- 
pulses stopped on dropping the pressure to the 15 mm. Hg base level. 
Maintaining the increased pressure resulted in a continuous flow of 
impulses which rapidly decreased in frequency, until no impulses could 
be detected. Lowering the pressure to the original base level, and raising 
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it again to the higher pressure, resulted in a burst of impulses much as 
before. Allowing the perfusion pressure to remain at the high level until 
the impulses had all disappeared, and then raising the pressure to 
35 mm, Hg resulted in a burst of impulses. The characteristics of the 
impulses due to the increment from 25 mm. Hg were, so far as we were 
able to observe, similar to those of the impulses produced by the incre- 
ment from 15 mm. Hg. Raising the pressure from 15 to 35 mm. Hg gave 
similar results, the impulses lasting for a somewhat greater length of time 
and having a higher frequency. Pressures higher than 35 mm. Hg were 
not practicable as the thin-walled ventral aorta distended excessively 
under such abnormal conditions. 

Developmentally the juncture of the third branchial vessels with the 
ventral aorta is the homologue of the carotid sinus region in mammals. 
For this reason the afferent impulses in the third true branchial nerve 
and its branches were compared with those found in the other branchial 
nerves. No difference was detected with respect to the frequency, ampli- 
tude or duration for a given rise in pressure, nor was there any detectable 
difference in the impulses under the pressure stimuli of the normally 
beating heart. 

We have concluded that, in the dogfish, the pre-trematic and the 
post-trematic branches of the first four true branchial nerves, and the 
pre-trematic branch of the fifth true branchial nerve, carry afferent — 
impulses from receptors excited by increments in pressure in the bran- 
chial vessels. These impulses resemble the carotid sinus impulses in 
mammals with respect to form and also with respect to function [Lutz 
and Wyman, 1932]. The existence of pressure receptor structures in 
mammals in the ascending aorta, the arch of the aorta, the first part of 
the descending aorta, the common carotid arteries and the first parts 
of the internal and external carotid arteries has been demonstrated 
histologically by Braeucker [1933]. Possibly the only difference be- 
tween these widely distributed pressure receptors and the well-known 
groups in the arch of the aorta and the carotid sinus is that the impulses 
from the latter are carried by discrete, moderately accessible nerves 
which lend themselves to investigation. The wide distribution of the 


pressure receptors in the branchial region of the dogfish, and the media- 
tion of their impulses by almost all the trematic branches of the branchial 
nerves in reality represents no more extensive a mechanism than 
Braeucker indicates is to be found in mammals. 
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SuMMARY. 


_ In the dogfish, nerve impulses arising from pressure receptors asso- 
ciated with the branchial vessels are recorded from all five true branchial 
nerves. 


Grateful acknowledgment is herewith made for the financial assistance of the Collecting 
Net Fellowship and the Medical Research Best Fund. 
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VARIATION IN THE SENSITIVITY OF DIFFERENT 
' SPECIES OF MONKEYS TO CESTRIN. 


By 8. ZUCKERMAN}. 


(From the Departments of Physiology and Obstetrics, 
Yale Uniwersity School of Medicine.) 


(Received January 29, 1935.) 


CoMPaRATIVE data regarding cestrin thresholds in monkeys are scarce. 
In one experiment Allen [1927] found that as few as 81 rat units of 
cestrin (spread over 9 days, with injections increasing daily from 4 to 
14.0.) were enough to produce sexual-skin changes, and to induce 
uterine bleeding in a castrated rhesus macaque. In two further experi- 
ments, 20-day courses of injections totalling 78 r.v. induced reddening 
of the sexual skin, but not uterine bleeding, which did, however, occur 
following two other courses of injections, the first 95 n.v. spread over 
14 days, and the second 138 k.v., spread over 20 days One rat unit, 
assayed according to the method of Allen and Doisey, is, according to 
the Report of the International Conference which established the 
standard of the cestrus-producing hormone, approximately equal to 
three international units. 

So far as I know, bleeding has not been induced in castrated rhesus 
monkeys with doses smaller than those given by Allen, and doses as 
small have not been tried on other species of Primates, which indeed 
have been very little investigated from the point of view of their sensi- 
tivity to cestrin. Full sexual-skin swelling has been produced in adult 
female Hamadryas baboons with 80,000 mouse units of cestriol (approxi- 
mately equivalent to 50,000 1.v. of cestrone) spread over 14 days [Parkes 
and Zuckerman, 1931], and the same effect on baboons has been re- 
ported with 2000 R.v. spread over 8 days [Schoeller and co-workers, 
1933]. 21,000 n.v. of cestrin produced only partial sexual-skin swelling 
in a castrated chimpanzee [Zuckerman and Fulton, 1934], while 
6000-7000 r.v. induced full swelling (in volume equal to that produced 


1 At the time of the investigation a Rockefeller Research Fellow. 
PH. LXXXIV. 13 
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in the chimpanzee) in a castrated mangabey, uterine bleeding occurring 
10 days after this course of injections [van Wagenen and Zuckerman, 
1933]. Observations on cestrin effects in three other species of subhuman 
Primates are reported below. | 


EXPERIMENTAL. 
(a) Genus Macaca (M. Irus, common macaque). 
This species of macaque has a typical menstrual cycle of 44 weeks 
duration [Corner, 1932]. 

The specimen investigated was castrated 10 weeks before oestrone 
(keto-hydroxy-cestrin) injections were begun. The course lasted 12 days, 
a total of 6500 z.v. being administered, and the daily dosage rising from 
250 to 1000 r.u. At the end of the course the sexual skin showed the 
swelling typical of M. irus; uterine bleeding began 8 days after the last 
injection. | 


(b) Genus Cercopithecus (C. sthiops sabseus, green monkey). 


There are practically no observations on the menstrual habit of this 


subspecies. Menstruation was observed only three times, each time in 
a different animal, in a group of about twelve green monkeys observed 
closely for almost a year, the cycle being followed by means of vaginal 
lavages. One of these three animals was autopsied 144 days after the 
beginning of uterine bleeding. A very recently ruptured follicle was 
found (Zuckerman, 1932]. A female of an allied subspecies, C. aethiops 
athiops, menstruated fairly regularly every 31 days [Zuckerman, 1930}. 
Cyclical external changes are not shown by members of the species 
C. athiops. 

Courses of cestrone were given to two healthy and mature females 
belonging to the subspecies C. ethiops sabeus. The first animal (C.s. 103), 
had never been observed to menstruate and was left in possession of her 
ovaries. Her weight varied round 3 kg. The other (C.s. 105), which also 
had never been seen to menstruate, was first castrated. Her ovaries 
showed a resting stage of follicular development, the largest follicles in 
the fixed and stained preparations having a maximum diameter of only 
2mm. Neither ovary contained any luteal tissue. There was no sign of 
uterine bleeding during the 85 days following this operation. This animal’s 
first injection of cestrin was given on the 86th day following her castra- 
tion. Her body weight fluctuated round 3} kg. The data relating to the 
courses of injections in these two animals are given in Table I. 
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ected 

Animal Course days) (B.U.) (days) 

C.s. 106 (castrate) 1 10 8,000 31 
” 2 20 15,000 50 

0.8. 103 (normal) 1 12 3,000 40 
o 2 14 5,000 61 
” 3 15 10,000 30 
- 4 20 15,000 50 


Injections. Injections were usually given twice daily, and generally 
in increasing daily doses. The maximum administered on any single day 


- was 1500 8.0. Both aqueous (theelin) and oily (progynon) preparations 


of estrone were used. 

Eternal effects. There were no circum-genital effects of the injections, 
such as occur in species characterized by a sexual skin. The nipples, 
however, were usually more erect at the close than they were at the 
start of each course of injections. 

Vaginal lavage. In both animals the cell content of the vaginal lavage 
was always very low previous to courses of injections. An increase in the 
number of organized cellular elements was generally apparent by about 
the third day of injections, and at this early stage leucocytes and epi- 
thelial elements were equal in number. Within a few days, however, 
epithelial elements always predominated. At no time did the cell content 
of the lavage become high, or even approach the level reached by rhesus 
monkeys on even smaller amounts of cestrin. There was never any 
evidence of marked epithelial desquamation. 

Uterine bleeding. None of the courses of cestrone was succeeded by 
overt uterine bleeding. 

Some red blood cells were seen in preparations of the vaginal lavage 


10 days after the last injection of the first course of the normal animal 


(C.s. 103). 
(c) Genus Cebus. 


(1) C. albifrons (white-fronted capuchin). 

- Until very recently there was no evidence that South American 
monkeys menstruate. Histological examination has lately shown, how- 
ever, that the endometrium of monkeys of the genus Cebus may present 
the characteristic picture of menstruation [Howard, 1930]. More 
recently Wislocki and Goodman [1934] have observed actual overt 
cyclical bleeding, in periods varying between 25 and 27 days, in a mature 
spider monkey (Ateles geoffroyt). 
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Three courses of cestrone injections were given to a healthy, mature, 
and intact female of the species C. albifrons. The animal had never been 
observed to menstruate. Its body weight varied round 1} kg. The data 
regarding these injections are given in Table II. 

Tastz Il. Cebus albifrons. 


Duration of Cistrin Post-injection 
ions injected 
Course days) (B.U.) (days) 
1 ll 2900 27 
2 13 8000 182 
3 ll 9000 100 


External changes. No changes were observed in either the nipples or 
the circum-genital zone at any time either during or after the courses 
of injections. : 

‘Vaginal lavage. Previous to each course of injections the cell content 
of the lavage was low. As the injections proceeded epithelial elements 
became numerous, predominating over leucocytes, by which, however, 
they were greatly outnumbered at a later stage, beginning about 3 days 
_ after the last injection of each course. 

Neither microscopic nor overt signs of uterine bleeding were observed 
either during or after any course of injection. 


(2) C. fatuellus (the brown capuchin). 

One course of cestrone injections was administered to a healthy, 
mature and intact female of this species of capuchin. The course _— 
13 days, a total of 3500 R.v. being given. 

Like the other capuchin, this animal showed no external changes as 
a result of the injections. Occasional red blood cells were seen in the 
vaginal lavage, but the possibility that their presence was due to trauma 
occasioned. by the introduction of the — could not be excluded. 
Overt bleeding did not occur. 


SuMMARY. 


The reaction of the reproductive organs of a common macaque 
(M, trus) to a moderate dose of cestrone showed no essential difference 
(other than the species difference in the nature of the sexual skin 
response) from that of the rhesus macaque (M. mulatta). On the other 
hand doses of cestrone up to 15,000 r.v. failed either to produce external 
changes or to induce uterine bleeding in two green monkeys (Cercopi- 
thecus sabeus) and two capuchins (Cebus fatuellus and C. albifrons). The 
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experiment was repeated a sufficient number of times to rule out the 
possibility of temporary refractoriness to the hormone, and the potency 
of the preparations used was established on rhesus monkeys. The body 
weights of adult females of the genera Cebus and Cercopithecus are in 
most cases lower than those of adult female macaques. Consequently 
it may tentatively be inferred that species differences in the sensitivity 
of monkeys to cestrin cannot be explained on a purely weight for weight 


I wish to express my indebtedness to Dr. Oliver Kamm of the Parke-Davis Co., and 
to Dr Gregory Stragnell of the Schering Corporation, for kindly providing the estrone 
(theelin and progynon) used in this study. The green monkeys were purchased with the 
aid of a grant provided by the Medical Research Council, to whom I am greatly indebted. 
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_“PSEUDO-PARTURITION” IN THE MOUSE, AND THE 
RELATION OF THE PLACENTA TO 
POST-PARTUM CESTRUS. 


By W. H. NEWTON. 
(From the Department of Physiology, University College, London.) — 
(Received February 18, 1935.) 


In studying the synergism between cestrin and oxytocin [Marrian and 
Newton, 1935], the two hormones were administered to mice on the 
15th day of pregnancy, and in a certain proportion of cases pregnancy 
was interrupted. Excluding delayed effects, this was due to abortion of 
live foetuses, or to foetal death followed by reabsorption; the latter was 
inferred from a gradual decline of weight, in conjunction with complete 
absence of a litter at full term. We were puzzled by many animals whose 


“= 26 
Pit. 
24 


Days pregnant 
Fig. 1. Mouse N.P, 200. 15th day: 0-1 ¢.c. alooholic pregnancy urine extract [Marrian and 
Newton, 1935] (P.v.), hourly to 13 doses; 1 unit Parke-Davis pitocin (Pit.) with last 
dose. Neither abortion nor litter observed. P.=seminal plug; B. = placental sign. 


_ weight, instead of declining, remained more or less steady until about the 
20th day, when it fell suddenly without any litter making its appearance 
(Fig. 1). While finishing off this section of the work, the present author 
discovered one such animal, on the day of maximum weight loss, with 
six fresh placente: in its cage, and examination of back records showed 
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that exactly the same thing had occurred 18 months previously. Mice 
whose weight remained constant after cestrin and oxytocin were now, on 
the 19th-21st days, kept overnight in raised cages with open bars as 
flooring, and in a few cases placente were dropped through the bars. 
These preliminary results, shown in Table I, clearly called for investiga- 
tion by more reliable methods, and the experiments to be described were 
undertaken. The object was to discover whether the foetus had any share 
in determining the date of parturition, and what part the placenta 


* These mice were not included in Newton. 


I, 
Delayed effects | 
t 
Mouse Treatment effect on days stated Other observations 
N.P.346 Cistrone+pitocin Abortionof2 -lg., 16th- 3 g. on 22nd day 3 placenta recovered 
on 15th day foetuses 21st days on 22nd day 
N.P. 364 As N.P. 346 “—1g.,16th-18th 2g.on19thday placenta recovered 
days on 19th day 
N.P.37*  AsN.P.346, but +15g., 14th- 25g.on20thand No litter 
13th day 19th days 2 g. on 21st 
N.P. 38 As N.P. 37 -—O5g., 14th- 25g.on20thand 6 placente recovered 
19th days 3 g. on 21st on 20th day 
N.P. 287*  (striol + Same 1-5g.on2istand No litter 
ie on 15th 20th as on 25° g. on 22nd 
| | 15th day day 
N.P.291* As N.P. 287 Fall of wt. +05 g., 16th- 2g.on22ndday 6 placentw recovered 
21st days on 22nd day 
N.P.301 As N.P. 287 _ +1 g., 16th- 3g.on22ndday Nolitter. Blood and 
: Dist days mucus in vagina on 
21st-22nd day 
N.P. 308 As N.P. 287 of 1 -~1 g., 16th- 25 g. on 20th 3 placents recovered 
: | foetus 19th days day on 20th day 
N.P. 308 As N.P. 287 0 g., 16th-19th 1:5g.on20thand Mummnified foetus re- 
days 2 g. on 22nd day <r on 
y 
N.P.93* N.P. 287 but +05 g., 14th- 1 No litter 
13th day 19th days g. on Bet ay 
N.P.100 (striolin NaOH -1 16th-  3g.on22ndand No litter 
+pitocin on 21st days 15 g. on 23rd 
day day 
N.P. 167 As N.P. 100 —0-5 g., 16th- 4g.on22ndday Nolitter 
21st days | 
N.P. 241 i 0 g., 16th-20th 1g.on2istand No litter 
dave on 22nd day 
on 15th 
N.P. 262 P: Blood 1 16th-2lst 3g.on22ndand No litter 
— g. on 23rd day 
ss 2 g. wt.; 
? abortion 
N.P.200* As N.P. 241 0 16th-22nd 2-5g.on23rdday No litter 
| ys 
N.P. 297 strioll4thand Loss 2 g. O g., 16th-20th 25g.on2Istday No litter, Blood and 
tinon 15th 15th day; ? days vagina 
ay abortion 2ist day 
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played in the process. The time of finding the seminal vaginal plug was 
referred to this. 


Hammond [1917] removed foetuses surgically from rabbits, leaving 
the placente behind, but the subsequent fate of these was very uncertain. 
After attempting this once or twice with mice, open operation was 
abandoned in the present experiments on account of the trauma to the 
uterus, and the ease with which placente were dislodged. It was, 
however, found that during anesthesia the mouse’s abdomen was so lax 
that practically every organ in it could be palpated without any incision, 
and it was a simple matter to pick up the foetuses one by one, through 
the abdominal wall, and by steady pressure to burst the amniotic sacs. 
Up to the 15th day of pregnancy, this was sufficient to destroy the foetuses 
completely; direct observation confirmed that they were broken up by 
this treatment, and laparotomy one or two days afterwards revealed 
nothing but placente in the uterus. Curiously enough, only rarely was a 
placenta dislodged during this procedure, although it was quite difficult 
not to detach more than one if it was employed on the naked uterus. The 
actual number of foetuses destroyed in each mouse was counted, and then, 
on every subsequent day, the animal was anethetized and the placente 
counted by palpation. No attempt was made to collect delivered 
placente; the date of delivery was indicated by the uterus being empty, 
and presumably all the placente had been eaten since there was never 
any trace of them. They did not appear to diminish in size wifile in the 
uterus, and were as easily palpable on the last day as they were just after 
destruction of the foetuses. 

The mice were weighed daily from the 8th day of pregnancy onwards, 
and vaginal smears were taken daily after the operation. This was per- 
formed on the 12th, 13th, 14th or 15th day. 

In some animals it was necessary to evacuate the uterus completely, 
and for this recourse was had to open operation. The mice were anzs- 
thetized with sodium luminal (0-02 o.c. or less of a 1 p.c. solution per g. 
body weight) and ether, the uterus exposed through a mid-line abdominal 
incision, a vertical cut made at the junction of the horns, and the contents 
of these “milked” downwards and out of the opening. This was then 
closed with one suture, the muscle and peritoneum sewn up with silk, 
and the skin closed with Michel clips. The important steps in this 
procedure are the premedication with luminal, which in some way 
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minimizes the risk of death under ether, and the use of Michel clips 


which, unlike silk or thread, are not gnawed away immediately on 
recovery from the anzsthetic. 


RESULTS. 
(1) Time of delivery of the retained placenta. 


These results are summarized in Figs. 2 and 3. The former shows 
(lower half) the number of mice, with foetuses destroyed, which delivered 


_ their placente: on any given day of pregnancy. The latter records the 


total number of placente remaining in utero on each day after fostal 


| Days pregnant 
0 5 10 15 20 

lob 
ED. 

5h Total number = 20 | 

oki. 


Fig. 2. The height of the black area covering any day of pregnancy is & measure of the 
number of normal] mice littering (upper half) or operated mice delivering placentz 
(lower half) on that day. F.D.=fotal destruction, the date of which is indicated by 
arrows. 


destruction, the most usual days (19th, 20th and 21st) for normal 
parturition being included in the shaded area. Altogether, in this part 
of the work, twenty mice were used, five undergoing operation on each 
of the 12th, 13th, 14th and 15th days of pregnancy. In Fig. 2 all twenty 
animals are treated together and compared with twenty-two normal mice 
(upper half of figure) of which complete records happened to be available; 
it is clear that, with three exceptions, the “ pseudo-parturition” of the 
operated animals falls within the period of normal parturition as defined 


by the controls. Needless to say, these were unselected, and use was made 


of all which were available, but common experience compels one to add 
that a larger batch would probably have given a lower incidence than 
9 p.c. for 22nd- and 23rd-day litters. Fig. 3, showing the results group 
by group, minimizes the seriousness of the three exceptions. In two cases, 


abortion of placente occurred on the 17th day, but both these mice had 
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undergone operation on the 15th day, and this is the last day on which 


the technique described is at all satisfactory. On the 16th day the 
foetuses are so well formed, that mere bursting of the amniotic sac is not 


10 15 


10 15 20 


Fig. 3. Total numbers of placent# existing in four groups of five mice on each day after 
foetal destruction. The date of this is indicated by the letters F.D. and an arrow, and 
is different in each group. Abscisse: day of pregnancy. Ordinates: total number of 
placentw, as determined by palpation under ether. The 19th, 20th and 21st days of 
pregnancy (the commonest for normal parturition) are shaded. 


accompanied by their disintegration, while if they aredeliberately crushed, 
their solid remains interfere with the counting of placente and un- 
doubtedly predispose to evacuation of the uterus. Experiments on the 
16th day had to be abandoned on this account, and 15th-day experiments 


may well suffer from the same defects in some degree; nothing unusual - 
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| ) was observed at the time, however, and this explanation was not con- 
: sidered until the 16th-day experiments had been tried. The third excep- 
tion cannot be explained away; it is not obvious in Fig, 3, because it 
concerned @ mouse possessing only two placentw, one of which was 
aborted on the 18th day. 
} Although the histological characters of the retained placente will not 
| be discussed in this paper, it may be said that several, from other mice, 
have been examined; there is no doubt that they are living, and they 
remain attached to the uterus which is still supplied by apparently 
enlarged vessels in the mesometrium. Further proof is furnished by the 
fact, to be shown later, that they exert a physiological function. This is 
} emphasized here, because in three mice, having undergone foetal destruc- 
é tion on the 12th, 13th and 14th days respectively, one of five, two of five, 
and one of eight placents were retained in utero after all the others had 
been delivered. In the first case, costrus came on normally (see below) 
after discharge of the other four placente, and the retained one became 
: smaller and eventually disappeared on the 27th day. In the second and 
| third cases the mice were killed on the 22nd day, and the retained 
c placente found to be quite necrotic; one of the mice was on cestrus when 
killed. 

These deviations from the general rule having been pointed out, it is 
| fair to state that Fig. 3 gives a true picture of the normal course of 
| events. An occasional placenta may be lost through the operation, but 
: after this all are retained until the normal time for parturition, when they 
| are delivered. In five cases some of the placente were missed on one day, 
and the remainder the day following. This probably means that pseudo- 
parturition is not such a rapid and clear-cut process as true parturition, 
and may be due to lack of the additional stimulus of the bulky foetuses. 


(2) The maternal weight. 


? Not only does this-furnish additional evidence for the significance of 
| __ the date of normal parturition, but it presents an entirely new problem 
for which no solution can yet be suggested. On the day of pseudo- 
parturition, or the days immediately following, a marked loss of weight 
occurs which is out of all proportion to the weight of the delivered 
& placente. To avoid presenting complete protocols, the total weight of 
4 ; fifteen mice on each of the 10th-25th days is shown in Fig. 4. Out of the 
4 twenty mice available, four, including one which aborted on the 17th day, 

: were not weighed over the full period and could not be included ; the other 
which aborted on the 17th day was arbitrarily excluded. The total 
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number of placente: present in these fifteen mice from the 16th day on- 
wards is also plotted, and it is obvious that, over the whole range, 0-8 g. 
weight is lost for each placenta delivered. Table II gives details of three 
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0 
Days pregnant 
Fig. 4. Total weight (continuous line) and total number of placente (broken line) in 
fifteen mice from the 10th and 16th days respectively to the 25th day of pregnancy. 
Foetal destruction (F.D.) was performed on the days indicated. 
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Taste II. 
Weight of ... -» Mouse L. 18 Mouse L. 21 Mouse L, 22 

g- g- 

Whole mouse 30-0 25-5 33-0 

Mouse after removal of uterus 26-7 — 30-0 
Uterus and contents 3-3 2-7 3-0 is 
(By difference) (Direct) (By difference) 

Empty uterus 0-4 0-5 

_ Placents (number in brackets) 0-5 (9) 0-5 (5) 0-5 (4) 


Mice L, 18 and L. 21 were killed on the 13th, and mouse L. 22 on the 15th day. 


mice which were killed on the 13th and 15th days of pregnancy, and 
although no far-reaching conclusion can be drawn from so small a number, 
it is clear that the placental weight is of the order of one-tenth of that 
which is needed to account for the loss at pseudo-parturition. Even the 
weight of total uterine contents per foetus, supposing them all, including 
amniotic fluid, to be retained, is insufficient to account for the loss, while 
there is no doubt, from evidence of palpation and from post-mortem 
examination of mice killed one or two days after footal destruction, that 
the uterus contains only placentz at full term. The uteri and surrounding 
tissue (to preserve blood vessels) of each of two mice killed on the 16th 
day weighed 1-5 g.; one contained eight and the other seven placente, 
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the fostuses having been killed on the 14th and 13th days respectively. 
Fig. 6 shows the loss of weight resulting from (a) complete evacuation of 
the uterus (seven foetuses) on the 13th day, and (6) abortion of three 
placente on the 17th day. — 

There seems no escape from ie. following provisional conclusions: 
(1) that the gain in maternal weight during pregnancy is not entirely due 
to the uterine contents, (2) that after footal destruction the existing 
weight is maintained in some way by the placenta, and (3) that if the 
amniotic fluid and foetal remains liberated at the operation are extruded 


| | | 


5 10 15 25 
Days pregnant 


Fig. 5. The daily weights of two mice, L. 40 and L. 31, undergoing foetal destruction 
(F.D.) on the 12th and 15th days respectively. In each case four foetuses were de- 
stroyed, and four placents (counted every day), delivered at pseudo-parturition (pP). 
(Estrus is indicated by OE and an arrow. The broken arrows and weight curve refer to 
L. 40, and the continuous to L. 31. 


per vaginam there is no marked evidence of this from loss of weight, and 
if they are reabsorbed from the uterus they still contribute to the 
maternal weight until the placentz are delivered. 

It was at first thought that mammary tissue would provide a solution 
to the problem, but I understand from Dr A. 8. Parkes that the weight 
of this is quite inadequate to account for the average weight loss of 
3-7 g. per mouse (Fig. 3). 
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(3) The onset of costrus. 


It is well known that normal parturition is followed by cestrus. 
Vaginal smears from the experimental animals at first naturally showed 
a good deal of blood, not often identifiable microscopically (suggesting 
hemolysis), and numerous leucocytes, but not until the 1st or 2nd day 
after pseudo-parturition did cstrus occur. This observation led to the 
question: does the appearance of cestrus mark the end of a purely 
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Fig. 6. Daily. weights of mice L. 33 (continuous line) and L. 54 (broken line). L. 33: three 
foetuses destroyed on the 15th day; abortion of placente on the 17th day, and cestrus 
on the 18th day. L. 54: complete evacuation of uterus on the 13th day (seven fostuses), 
and cestrus on the 16th day. F.D.=fcetal destruction. Ab=abortion of placenta. 
OE=eestrus. Continuous arrows refer to L. 33, broken to L. 54. 


maternal cycle, which is independent of the actual presence of foetus and 
placenta, but which is accompanied by delivery of these if they are 
present, or does it mark the end of a cycle which is independent of the 
foetus but for which the placenta is necessary? (The placenta is, of course, 
foetal in origin, and by “‘foetus” is meant the future individual.) In the 
first case, complete evacuation of the uterus during pregnancy should 
not accelerate the onset of cestrus, in the second case it should do so. 
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Accordingly, the uterus was completely emptied in eight mice, two 
on the 12th, one on the 13th, four on the 14th, and one on the 15th day 
of pregnancy. (Estrus occurred on the 3rd or 4th day following the 
operation, and was in no case later than the 18th day of pregnancy. The 
two mice of the previous group which aborted on the 17th day, came on 
cestrus on the 18th day, and that which aborted one placenta on the 18th 
day, on the 20th day. In none of the remaining seventeen mice of this 
group did cestrus appear before the 21st day. Loss of the placenta is 
therefore the signal for commencement of cestrus, and although it is not 
_ a strictly logical deduction, we are justified in supposing that it plays an 
essential part in determining the date of parturition. | 

The interval between evacuation of the uterus and cestrus is from 1 to 
2 days (at least) longer than the interval between pseudo-parturition and 
cestrus. This may be due to two causes: (a) the shock of the operation, 
(6) the likelihood that at pseudo-parturition the working of a complicated 
mechanism ceases more or less naturally, while on early uterine evacuation 
it is abruptly checked by removing an integral part of the machinery, 
with consequent delay in initiation of the natural sequelw. Probably 
both of these causes are effective. The two mice operated on the 12th day 
were not on full cestrus by the 16th day, %.¢. a few leucocytes were still to 
be found in the vaginal smear, and the cornified cells were not so densely 
packed as on the following day, Two further mice subjected to the same 
operation on the 18th day showed numerous squames in the 20th-day 
smear, and were on full cestrus on the 21st day. One mouse, whose uterus 
was evacuated on the 19th day, was also on full estrus on the 21st day. 
These facts support the second explanation, but that the operation also 
delays cestrus is suggested by its rapid onset in the two mice which 
spontaneously aborted on the 17th day. Figs. 5 and 6 show protocols of 
four typical individual experiments. ; 


Discussion. 


Up to a point the significance of these results is clear, and has already 
been indicated. Beyond this point we reach the realm of speculation, 
into which it is fruitless to enter until experimental resources are 
exhausted. It remains to summarize the position as it stands. 

The inhibition of cestrus during pregnancy is well known and was 
emphasized in a previous paper [Marrian and Newton, 1935]. It must 
be due to one of three causes: (a) suppression of cestrin production, 
(5) inactivation of cestrin, (c) loss of sensitivity of the tissues to it, possibly 


4 
4 
weg 
x 
¥ 
1g 
4 
| 
aa 
4 
4 
vy 
| 
| 
a 
va 
> 
of wa 
le 


W. H. NEWTON. 


through the action of some other hormone. The first is unlikely, since 
estrin accumulates during pregnancy in many animals, but there is 
little to choose between the second and third; recent work by Cohen, 
Marrian and Watson [1935] suggests strongly that cstrin is in- 
activated, and the fact that an cestrous reaction can be produced during 
pregnancy by injecting cestrin reduces the probability of insensitivity of 
the tissues. 

The condition of pseudo-pregnancy proves that cestrus can be post- 
poned by agencies other than the placenta, notably the corpus luteum, 
whose growth is initiated and perhaps maintained and terminated by 
the anterior pituitary. Pseudo-pregnancy in the mouse, however, lasts 
only for 12-15 days [see Parkes, 1929], and the present experiments 
show that the further prolongation of the ancestrous state must be due 
to the placenta. Here again we are faced with more than one possibility : 
(a) the placenta may prolong or sustain the previous state of affairs, 
(6) it may exert an independent action. There is no evidence to show 
what actually does happen. Finally, although there can be no question 
that the presence or absence of the placenta is of vital significance, it 
may not act directly. From about the 14th-15th day of pregnancy on- 
wards, the decidua is reabsorbed and by full term has practically dis- 
appeared [Duval, 1891]. The findings recorded above could be explained 
by assuming the decidua to be the active agent, oestrus supervening when 
it had disappeared. We should then have to make the not unlikely 
assumption that, on artificial removal of the placenta, its reabsorption 
was hastened. The mere mechanical effect of the presence of the placenta 
is partially excluded by the cases previously mentioned, in which cestrus 
occurred while retained necrotic placents were still in wero. 


SuMMARY. 


A simple method, involving the minimum disturbance of the mother, 
is described whereby the foetuses of pregnant mice may be destroyed on 
the 12th-15th days of pregnancy without dislodging the placente. 

The retained placente are delivered at normal full term (“‘ pseudo- 
parturition”’), and delivery is followed in 1-2 days by cestrus. Removal 
of foetuses and placent on the 12th-15th days of pregnancy is followed 
in 3-4 days by cestrus. It is inferred that the placenta plays an essential 
part in the inhibition of cestrus during the latter half of gestation, and 
probably also in determining the date of parturition. The possibility of 
the decidua being involved, and also the significance of the interval 
between uterine evacuation and cestrus are discussed. 
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‘The maternal gain in weight during the first half of pregnancy, and 
3 the loss after pseudo-parturition, cannot be accounted for by the weight 
4 of the uterine contents. 


The expenses of this research were defrayed by a grant from the Medical Research 
Council. 
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PROPERTIES OF HUMAN SEMINAL PLASMA. 


By M. W. GOLDBLATT. | 


(From the Sherrington School of Physiology, St Thomas’s Hospital, 
London.) 


(Received February 20, 1935.) 


THE possibility that seminal plasma may have functions other than 
those of nutrition of the spermatozoon and of mechanically sweeping 
out the latter from the urethra is suggested by recent work of v. Euler 
[1934] and Goldblatt [1933]. The former worker employed human 
‘seminal fluid whilst the latter used both the native fluid and extracts made 
with aqueous alcohol and aqueous acetone. In this communication the 
pharmacological properties of human seminal plasma are described and a 
comparison made between the substance or substances responsible for 
them and other pharmacologically active bodies. | 


MetTnHops. 


Seminal fluid was obtained from a considerable number of men, 
centrifuged and the supernatant, almost cell-free fluid or plasma used 
for the following experiments. Extracts of seminal plasma were prepared 
by addition of four volumes of absolute alcohol (or acetone) to one volume 
of plasma; after thorough shaking the precipitate was removed by 
filtration. The acetone or alcohol was removed by distillation at 42° C. 
under reduced pressure. The white residue was taken up in distilled 
water and made up to the original volume of plasma. This fluid was 
turbid, alkaline and contained a trace of proteose; it will be referred to as 
seminal extract. Both seminal fluid and extract were tested for their 
effects on the blood-pressure of cats and rabbits under ether with and 
without preliminary treatment with atropine; on the isolated small 
intestine of the rabbit with and without atropine; on the isolated uterus 
of the virgin guinea-pig; on the isolated seminal vesicle of the guinea-pig 
and on the eserinized rectus abdominis of the frog. 
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EFFECT ON BLOOD-PRESSURE. 


Intravenous injection of seminal fluid or extract is always followed 
by a rapid fall in blood-pressure, and this fall is usually of great propor- 
tions even with very small doses. Subcutaneous injection does not pro- 
duce any noticeable depression. The intravenous injection of a volume of 
extract equivalent to 0-25 c.c. seminal fluid produced in one cat (urethane) 


Fig. 1. Cat. Ether, vagi intact. 1 c.c. water-alcohol extract of seminal plasma equivalent 
to 0-6 c.c. plasma. All injections intravenous. A, 0-5 c.c, extract; B, 0-5 c.c. after 
heating with three drops fresh HNO,; C, 0-5 c.c. after heating with six drops fresh 
HNO,; D,, 3 mg. atropine sulphate intravenously and 5 min. later 0-5 .¢. extract; 
D,, 0-5 c.c. after boiling for 30 sec. with four drops 0-5 N NaOH. 


a fall of 70 mm. Hg, and in another (ether) a fall of 90 mm. Hg. The de- 
pression lasts for a considerable time, and sometimes recovery to the 
original level of pressure is not attained for 30 or 45 min. The depressor 
effect is equally marked in the pithed atropinized cat, so that the effect 
is not a central one. Fig. 1 shows that the depressor is active in the 
atropinized animal, that it is destroyed by heating for a few seconds in 
. dilute alkali, and that it is not destroyed by heating with nitrous acid. 
It thus appears that the effect is not due to choline or choline esters or 
histamine. Further evidence that we are not dealing with histamine was" 
14—2 
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- obtained from the effects on the atropinized rabbit under ether. It is 
well known that histamine produces a rise in blood-pressure in the 
rabbit deeply under ether; in conditions, however, in which the pressor 
action of histamine was readily demonstrable the depressor action of 
seminal extract was still strong. Treatment with phosphotungstic acid 
does not precipitate the active substance from extracts but does so from 
the native plasma; the latter fact is probably due to adsorption on the 
protein precipitate and can be shown to occur with ammonium sulphate 
precipitation of the proteins, whilst the same reagent has no precipitating 
effect on the extracts. We are at some pains to establish that the active 
substance is not histamine because every extract we have prepared has 
given a definite and sometimes a marked Pauly reaction. This might be 
regarded as evidence of the presence of histamine, but if the seminal 
extract be boiled with an equal volume of dilute alkali, cooled and 
neutralized, the Pauly reaction is still positive but the depressor action 
is completely absent. Histamine treated in the same way retained both 
the Pauly reaction and the depressor effect. 

After boiling the seminal extract with an equal volume of 0-1 N HCl 
the depressor activity is found to be diminished but not destroyed even 
after 5 min. boiling. Like histamine the depressor body in seminal fluid 
and extracts can be removed by adsorption with charcoal and will 
readily dialyse through collodion membranes. 

The dialysate from seminal plasma is clear, yellowish and alkaline; it 
gives a positive Pauly reaction, positive Sakaguchi and Millon reactions 
and a faint pink biuret reaction; it contains proteose, Ultrafiltration 


gives a similar solution. In one case ultrafiltration at 50 mm. Hg pressure _ 


gave a clear yellowish filtrate, 0-5 c.c. of which injected into a cat under 
ether gave a depression of 80 mm. Hg. 

Since both the extracts and ultrafiltrates contain a certain small 
amount of proteose it was necessary to see if proteoses in small quantities 
have any depressor effect. Intravenous injection of 2-10 mg. of Witte’s 
peptone into cats under ether produced no depressor effect; rather the 
reverse occurred, 10 mg. producing in one case a rise of blood-pressure of 
about 20 mm. Hg which was maintained for several minutes. 

The evidence thus far does not eliminate the possibility of choline 
derivatives being mixed with other depressor bodies. This was done in 
two ways. First of all neither the seminal plasma nor the extracts pro- 
duced any effects on the rate or force of the beat of the isolated perfused 
frog’s heart; secondly, the depression of blood-pressure of rabbits under 
ether was exactly the same before and after treatment with atropine. It 
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appears, therefore, that seminal fluid is free from choline at any rate 
after leaving the body. 

Although other evidence was obtained that the depressor is not 
adenosine, it may be mentioned here that adenosine is precipitated by 
phosphotungstic acid and is not destroyed by boiling in dilute alkali. 
That the active substance is not similar to the substance described by - 
Frey, Kraut and Schultz [1930] is clear from the facts that the latter 
is insoluble in 80p.c. alcohol and is not dialysable. The interesting 
depressor body described by Major, Nanninga and Weber [1932] is 
readily distinguished from the seminal depressor by its stability in 
boiling alkali and by its not being adsorbed by charcoal. In several ways 
the seminal depressor is similar to that found by v. Euler and Gaddum 


Fig. 2. Rabbit’s small intestine. 30 c.c. oxygenated Tyrode. A, 0-1 c.c. seminal extract; 
B, relaxation due to addition of atropine 1/10* followed by stimulation due to 0-1 c.c. 
seminal extract. 

[1931] in intestinal muscle and brain tissue, but differs from it in not being 

precipitated by phosphotungstic acid. 

It appears, therefore, that considering only its action on the blood- 
pressure the seminal depressor can be distinguished from all the depressors 
hitherto described. 


EFFECT ON THE ISOLATED INTESTINAL STRIP. 


Both seminal fluid and extracts exert a strong stimulant action on the 
tone of intestinal muscle. The longitudinal muscle of the rabbit’s small 
intestine was used suspended in a 30c.c. bath of oxygenated Tyrode 
solution. It is well known that this preparation is relatively very 
insensitive to histamine, and its response to choline and its esters is 
prevented by atropine. Adenosine relaxes the intestinal muscle and the 
extract of Major e¢ al. [1932] has no effect on it. 

In Fig. 2 are shown the responses of this preparation to 0-1 o.c. of a 
seminal extract (representing 0-1 c.c. seminal fluid) before and after the 
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addition of atropine to the bath. The effect of the extract isto produce a 
greatly increased tone but not an increased rhythm; the actual excursions 
are in every case diminished after the increased tone is established. This 
is rather different from the effect produced by the substance of v. Euler 
and Gaddum, which always gave a great stimulus to rhythm as well as 
tone. 

Is the effect on the ‘ntuitinal muscle due to the substance which pro- 
duces the fall in blood-pressure? Both effects have been demonstrated in 
the same extracts and ultrafiltrates. Treatment with alkali and acids and 
then boiling removes almost all the action on the muscle, but not quite 
so readily as it does that on the blood-pressure. In other ways also the 
one substance is involved. 


EFFECT ON THE VIRGIN UTERUS. 


Seminal plasma and extracts show a powerful oxytocic activity. The 
uterus of the virgin guinea-pig was used in a 30 .c. bath of oxygenated 
Tyrode solution. Assay of the oxytocic activity of seminal extracts in 
terms of histamine gave values of from 0-4 to 0-6 mg. histamine per c.c. 
seminal fluid. Similar results were obtained with dialysates and ultra- 
filtrates. The results of boiling in dilute acid and alkali did not correspond 
to those of similar treatment on the blood-pressure effects. Boiling for 
2 min. in 0-1 WN NaOH or in 0-1 N HCl did not remove the oxytocic effect. 


‘Treatment with charcoal hardly removes any of the oxytocic activity of 
seminal extracts, whereas similar treatment of an appropriate solution 
of histamine removed about 75 p.c. of the activity of the latter. As far as 


our experiments go at present it appears that the oxytocic substance in 
seminal plasma is distinct from the depressor. 


EFFECT ON THE ISOLATED SEMINAL VESICLE OF THE GUINEA-PIG. 


The seminal vesicle of the guinea-pig, freed from its gelatinous con- 
tents and suspended in oxygenated Tyrode solution (30 c.c.), provides 
an interesting test object, and it seemed relevant to examine the effect of 
seminal plasma on it. 

The seminal vesicles receive their nerve supply from the lumbar and 
abdominal sympathetic via the inferior mesenteric ganglion and from 
the 3rd and 4th sacral nerves via the hypogastric plexus. Ejaculation has 
been produced by stimulation of fibres from the inferior mesenteric 
ganglion, and Remey [1884] has described a small ganglion (in the 
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guinea-pig) close to the inferior vena cava which receives fibres from the 
renal plexus and gives post-ganglionic fibres to the seminal vesicles and 
ducts; stimulation of these latter fibres leads to energetic contraction of 
the vesicles. 

It was shown by Waddell [1916] that the freshly excised vasa 
deferentia of various animals exhibit rhythmic contractions in the usual 
media and that adrenaline, ergot, pilocarpine, nicotine and BaCl, increase 
the tone of this preparation whilst pituitrin produced no effect. He later 
showed [1917] that the same was true for the excised seminal vesicles 
or the guinea-pig and the rat, and that atropine antagonized the 
effects of nicotine and pilocarpine. From these data Waddell con- 
cluded that the seminal vesicles of these animals possess a motor 
sympathetic and a motor parasympathetic supply. More recently 


Fig. 3. Isolated seminal vesicle of the guinea-pig. 30 0.c. oxygenated Tyrode. Effect of 
0-1 mg. adrenaline on quiescent vesicle. 


Bacq [1934] has shown that the seminal vesicle of the guinea-pig is 
stimulated by adrenaline, but that the effect is poor in the absence of 
Ca and that ergotamine antagonizes the effect of adrenaline. He also 
found that acetylcholine produced an effect like that of adrenaline and 
that it was antagonized by atropine. : 

In the present experiments, in which Tyrode solution was used, the 
suspended seminal vesicles did not show marked spontaneous contractions. 
Fig. 3 shows the effect of 0-1 mg. adrenaline on a quiescent vesicle in 
30 ¢.c. oxygenated Tyrode. Sometimes the effect of adrenaline is to pro- 


. duce an immediate contraction followed by a series of rapid contrattions 


and then a rapid return to the original tone with a slow rhythm of con- 
siderable amplitude. The dose of ergotamine tartrate which just fails to 
inhibit the effect of 0-1 mg. adrenaline is about 0-5 mg. The vesicle 
preparation is not very sensitive (as seen by the dose of adrenaline 
required) and rapidly loses its sensitivity after removal from the animal. 
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The vesicle responds to pilocarpine not by an increase in tone but by 
the establishment of a rhythm. Pituitrin does not produce any obvious 
_ effect. Histamine (0-5 mg. in 30 c.c. bath) produces an effect not unlike 
that of adrenaline but of very much smaller proportions. Acetylcholine 
(0-1 mg. in 30 c.c. bath) gives rise to a series of rhythmic contractions 


but practically no increase in tone; this effect is completely abolished by 


atropine (1/105), Adenosine does not have any observable effect. 

The effect of seminal plasma or extract is peculiar. If added alone 
(0-5 and 1-0 c.c. in 30 c.c. bath) to the quiescent vesicle there is sometimes 
a very slight increase in tone but usually there is no response. If, how- 
ever, a preliminary dose of adrenaline be added and a considerable interval 


Fig. 4. Isolated seminal vesicle of guinea-pig. 30 c.c. oxygenated Tyrode. A, effect of 

_ Ol mg. adrenaline; B, effect of 0-5 .¢.c. seminal extract after that of adrenaline had 

worn off. The same extract had, in doses of 0-5 and 1-0 c.c., alone produced no effect 
on the same vesicle. 


be allowed to elapse until the only activity of the vesicle is an occasional 
contraction, then the addition of the seminal extract or plasma is followed 
by a rapid series of contractions but there is no increase in tone. This 
effect is shown in Fig. 4. Adrenaline in doses so small that there is hardly 
any response of the vesicle seems to “potentiate” the vesicle for seminal 
extracts. The hypothesis that there may be a synergism between adren- 
aline and seminal plasma in bringing about an effective evacuation of 
the vesicles suggests itself, but as the contents of the seminal vesicles of 
the guinea-pig do not, in fact, possess any action on the isolated vesicle we 
must simply consider this effect of seminal extracts as another example 
of their power to stimulate smooth muscle, and that in the case of the 
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vesicle a preliminary stimulus is necessary to produce a response sufficient 
to be recorded. Whilst we have obtained this effect with the seminal fluid 
of a vasectomized man it is not possible as yet to say whether the active 
substance arises from the prostate or the seminal vesicles or both. 

Whether effects of this kind can be interpreted in relation to the 
functions of the accessory genital organs of the male is doubtful. v. Euler 
[1934] has extracted from the seminal vesicles of some animals substances 
with an inhibitory action on smooth muscle and resembling adenylic acid, 
and also others with a stimulant action like that described above for 
seminal plasma. In regard to these effects of seminal plasma it is not 
easy to see how the active substance can readily get into intimate contact 
with the relevant smooth muscle. 


EFFECT ON THE ESERINIZED RECTUS ABDOMINIS OF THE FROG. 


Although the evidence already given makes it improbable that 
choline or choline esters are present in seminal plasma, such evidence 
is only significant in relation to the delicacy of the methods used for the 
detection of these bodies. The eserinized rectus abdominis of the frog is a 
test object which combines great sensitivity with rapidity of response 
when dealing with acetylcholine. The recommendations of Chang and 
Gaddum [1933] were followed in the use of this preparation and their 
finding confirmed that the response to KC! or choline is not much affected 
by preliminary treatment with eserine, whilst that to acetylcholine is 
very greatly increased by such treatment. After some failures prepara- 
tions could be made which responded immediately to ly of acetylcholine. 
Fig. 5 shows the result of an experiment to compare the effects of seminal 
extract and acetylcholine. The magnification was about 6 and the load 
3g. After each contracture the bath was changed and eserine added 
afresh; the kymograph was stopped during relaxation. Although Chang 
and Gaddum [1933] recommend the addition of eserine after each 
change of the bath fluid, we find the preparation may remain equally 
sensitive to acetylcholine for as long as 4 hours with frequent changes 
without repeating the addition of eserine. 

Since seminal extracts have very little effect on the noneserinized 


_ musele and, as seen in Fig. 5, a marked effect on the eserinized one it is 


justifiable to speak of an acetylcholine equivalent of seminal plasma in 
the sense proposed by Chang and Gaddum. Expressed in this way the 
acetylcholine equivalent of seminal plasma is not more than ly per €.c. 
Considering the values obtained by the above authors for the majority 
of organ extracts they studied, the acetylcholine equivalent of seminal 
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plasma must be regarded as high. It is highly improbable that the 
substance responsible for this effect in seminal plasma is acetylcholine, 
first. because the fluid (alkaline) is not received until some 10 hours after 
ejaculation, secondly because the latent period of the effect on the 
rectus is too long (30 sec. in Fig. 5), and lastly because even in extracts 
with an acetylcholine equivalent of ly per c.c. the effect on the isolated 
intestine is absolutely unaffected by atropine. 


Fig. 5. Eserinized rectus abdominis of the frog. 20 c.c. Ringer. Eserine 1/105. From left 
extract and ly acetylcholine. 

Discussion. 


The existence of substances with marked pharmacological properties 
in tissues is well known, but their function is often not clear. The 
presence in human seminal fluid of a substance producing strong vaso- 
dilatation and stimulation of plain muscle is perhaps easier to understand 
than in most other situations. 

The origin of the seminal depressor is not clear. Extracts prepared 
from enlarged (adenomatous) prostates, removed at operation, do not 
contain the active substance dealt with above. An enlarged prostate 
weighing 75 g. was treated in the same way as seminal plasma and 
yielded 80 mg. of a waxy extract. This extract was freely soluble in 
water but it had no effect on blood-préssure even in large doses; it had, 
however, a marked inhibitory effect on the isolated atropinized intestinal 
strip. v. Euler [1934] states that a body identical with the P substance 
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described by Euler and Gaddum is present in human prostates obtained 
post-mortem and from the seminal vesicles of sheep and pigs; but in a 
private communication he casts doubts upon the identity of these two 
substances. 

We have sought for the active seminal depressor in the seminal fluid 
of the horse (kindly supplied by Dr Walton, Agricultural Laboratory, 
Cambridge) and failed to find it. It appears also to be absent from the 
fluid obtained from rabbit’s testes and epididymis and from the contents 
of the seminal vesicles of the rat and the guinea-pig. On the other hand, 
v. Euler [1934] finds it in the extract of the rabbit’s prostate and, in 
small amounts, in that of the guinea-pig. 

It is impossible to. state whether the seminal depressor has any uni- 
versal function. It seems improbable that it is simply an excretory pro- 
duct without physiological function. The composition of seminal plasma 
is 80 peculiar when compared with other body fluids and so specially 
adapted to the functions of nutrition and mobilization of the sperm cells 
that the presence of a substance with marked pharmacological properties 
can scarcely be regarded as fortuitous. It may be remarked here that the 
seminal extracts used contained no spermine, which in any case is without 
any obvious pharmacological effect on the test objects used. 

The presence in seminal extract of small amounts of proteose led us to 
see if the depressor is destroyed by trypsin; it is, however, quite un- 
affected by such treatment. The probabilities are that the active sub- 
stance is of relatively simple structure, and that its principal use in the 
organism is to ensure a considerable local vaso-dilatation and hence 
adequate gaseous exchange and secretory activity in the accessory glands 
of the male. Provided there is some way in which the active substance 
can come into contact with the muscle of the genital tract, it is possible 
that it may contribute to the maintenance of the peristalsis incident to 
ejaculation. 

With regard to the effect on the rectus abdominis there is no question 
of it being due to potassium or choline. The enormously increased effect 
after adding eserine is paralleled only by the similar response to acetyl- 
choline. All that can be said at present is that seminal plasma contains a 
substance with an action on this preparation like that of acetylcholine 
[cf. Chang and Gaddum, 1933]. 
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SuMMARY. 


1. Human seminal plasma has been shown to contain a powerful 
vaso-dilator and to produce strong stimulation of plain muscle. The 
substance responsible for these effects is distinguishable from other 
tissue extracts having similar properties, It is suggested that the vaso- 
dilator may be of importance in the maintenance of local vaso-dilatation in 
the accessory glands and ducts of the male genital tract and so ensure an 
active gaseous exchange between the blood and the various seminal 
secretions. 

2. Itis probable that the oxytocic power of the seminal plasma is due 
to a substance distinct from the depressor. The histamine equivalent of 
the seminal oxytocic substance is between 0-4 and 0-6 mg. per c.c. 

3. Seminal plasma contains a substance with an effect on the eserin- 
ized rectus abdominis of the frog like that of acetylcholine. The acetyl- 
choline equivalent of seminal plasma is not greater than ly per c.c. 
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A MODIFICATION OF KROGH’S MICRO-METHOD 
OF GAS ANALYSIS. 


By J. ARGYLL CAMPBELL ann H. J. TAYLOR. 


_ (From the National Institute for Medical Research, 
and the St John Clinic.) 


(Recewed February 28, 1935.) s 
In previous communications [Campbell, 1932 a, 6] some reference was 
made to this modification of one of Krogh’s [1908] methods for micro- 
analysis of gas in physiological experiment. More recently the method — 
has been modified further. It is of wider application, much easier and 
more rapid than Krogh’s original technique. 

The apparatus as modified is shown in Fig. 1. Attached to the 
lower cup A by means of a short rubber tubing is a glass tube 8 cm. in 
length and 4 mm. in internal diameter; its lower end is bent slightly and 
the opening O is so cut that the under edge projects slightly beyond the 
upper. The function of the glass tube with its rubber junction R is three- 
fold. Firstly, any bubbles of air accidentally entering the lower end of — 
the tube O are at once detected as they pass up the fluid filling the tube; 
they can be stopped and removed by bending the rubber junction and 


_ thus turning the lower end of the glass tube upwards without moving 


the rest of the apparatus. At any stage in the analysis small bubbles of 
air may—but only due to accident—enter at 0. By removing them at 
once, as above, the whole process of analysis has not to be repeated. 
Secondly, the small piece of rubber tubing serves for entry by injection of 
the gas bubble to be analysed. Thirdly, the fluids for absorption of the 
gases are applied in drops at O, without moving the apparatus at all. 
The whole apparatus, except a small part of the side tube above the 
piston P which is covered with mercury, is filled with a faintly acid 
solution of 80 p.c. glycerol and 20 p.c. water, to the exclusion of all air. 
The coefficients of solubility of nitrogen, oxygen and carbon dioxide in | 
this solution are too low to cause any appreciable absorption under the 
present conditions. The addition of the small amount of water to the 
glycerol enables the bubble of gas for analysis to be moved up and down 
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slowly in the capillary without breaking up. The great advantage of the 
glycerol solution is that bubbles of gas from any tissue or fluid may 
be analysed without the necessity of 
having a solution containing gases in 
— equilibrium with those of the bubble. 
In the original method as used by 
Krogh with this apparatus, it was 
necessary to fill the lower cup with 
some of the fluid with which the gas 
bubble had been in equilibrium, in 
order to avoid loss of gas—especially 
carbon dioxide—from the bubble to 
the solution used for filling the cup 
and the capillary. In Krogh’s (1911, 
1913] other method, the microscopic 
method, pure glycerol is used to sus- 
pend very small bubbles, but this 
method where the radius of the bubble 
is measured is not so easy. 

The bubble of gas, 0-05-0-15 c.c., 
to be analysed is taken up in a 1 c.c. 
syringe fitted with a fine hypodermic 
needle, the dead space of which is 
filled with some 80 p.c. glycerol solu- 
tion. By holding the syringe with the 
needle pointing downwards, after with- 
drawal of the bubble, the glycerol solu- 
tion in the syringe runs down to the 
needle and, by gently pushing the 
‘piston, again fills the dead space; thus 
the bubble is sealed from the air. The 
outside of the rubber tubing 2 is 
covered with some glycerol solution, im; 1 
and the point of the needle of the syringe is pushed through the rubber 
up towards the lower cup A and the bubble is then driven gently out of 
the syringe. By means of the piston PS the bubble is then drawn up into 
the graduated capillary and measured as in Krogh’s original method. 
While the bubble is being drawn up the capillary, the tube RO must be 
kept filled completely with 80 p.c. glycerol by adding drops at the 
opening O as the fluid moves up the tube. 
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To estimate the carbon-dioxide content the bubble is driven down to 
the lower cup again, and a drop of 20 p.c. caustic potash solution in dis- 
tilled water is placed at the lower end of the glass tube at O. This potash 
solution immediately rises up through the glycerol solution, without 
mixing much with it, to the lower cup, where it surrounds the bubble of 
gas so that the carbon dioxide is absorbed. The bubble is again drawn 
up into the capillary and measured. Then it is driven down once more 
into the lower cup, and gently agitated near the potash solution again by _ 
moving @ small portion of the gas up and down slightly at the lower end 
of the capillary by means of the piston. A reading of the size of the 
bubble is taken and the process is repeated until the volume of the bubble 
remains constant, when all the carbon dioxide will have been absorbed. 

For absorption of oxygen the bubble is driven down to the lower cup, 
and then a drop or two of a 5 p.c. solution of pyrogallic acid in 5 p.c. 
solution of caustic potash are added to the lower end of the tube at O. 
This pyrogallic acid solution immediately rises up through the glycerol 
solution to the bubble, and mixes with the 20 p.c. caustic potash solution 
already there. The 5 p.c. potash is employed to render this mixing more 


| thorough. The oxygen is completely absorbed by placing the bubble once 
_ or twice in the lower cup and taking readings of the volume of the bubble 


until readings become constant. 

A great saving of time and labour is ee by eliminating (a) the 
washing out of the various solutions in the lower cup, (6) the refilling with 
the absorbing solutions, and (c) the tiltings necessary for these processes. 
The upright position of the apparatus is not changed at all in the present 
modification throughout the whole analysis. 


Calculation of results. 


Let @ be the volume of the bubble as measured, 
b the volume after absorption of CO,, 
the volume after absorption of 0,, 
t°C, the temperature, 
p the aqueous tension of water at ¢°C., and 
D the barometric pressure. 


The introduction of the potash causes a change in aqueous vapour 
pressure in the bubble. This in itself will cause a change in the size of the 
bubble. The volumesa, b and c are all brought therefore to volumes of dry 
gas at ¢°C., and barometric pressure D. The vapour tension of 80 p.c. 
glycerol and 20 p.c. water mixture is taken as 10 mm. Hg, whilst the 
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aqueous tension of potash solution is taken as that of water at the same 
temperature. Let 4, B and C be the dry volumes of a, 6 and ¢, then | 


tes 
O= (5? 


The composition of the gas may then be found. Taking the aqueous 
tension in rane Sia as 47 mm. Hg; then the CO, orversde the bubble and 


tissues is “5 (D— 47) mm. Hg., and O, pressure 47) mm. Hg. 

The accuracy of this method of analysis and ee computation of the 
results were confirmed by comparison with the results obtained from the 
Haldane apparatus using about 10 c.c. of gas for the latter (see Table I). 


Tasxx I. Figures give mm. Hg. 


Krogh apparatus . Haldane ‘apparatus 
00, Os CO, Os 
Sample 1 35-7 58-4 36-9 58-5 
Sample 2 32-2 58-4 32-9 58-4 


It was shown at the same time that the solubility of CO, in the 
_ glycerol-water mixture is negligible. A bubble containing CO,, 0, and 
N, was quickly measured. Then it was left in contact with the glycerol- 
water mixture for 25 min. and its volume redetermined. No diminution 
of volume had occurred. 

We have used the method chiefly for analysing bubbles containing 
6 p.c. of carbon dioxide and 6 p.c. of oxygen as occurs when pressures in 
injected gas are in equilibrium with pressures in the mammalian tissues, 
e.g. subcutaneous tissue of man and animals, peritoneal and wet 
cavities of animals, lateral ventricle of brain of rabbit, etc. 

It is necessary to keep the thread of the screw S well lubricated with 


vaseline to prevent leakage. Also the capillary and other tubes must be 
perfectly clean. g 


The modifications described render Krogh’s capillary method of 
micro-analysis of gas of wider application, easier and more rapid. 
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A METHOD OF DIRECTLY RECORDING CHANGES 
IN THE CALIBRE OF THE BRONCHI. | 


By M. P. ELLIS? ann A. E. LIVINGSTON. 


(From the Chevaher Jackson Department of Bronchoscopic Research and 
the Department of Pharmacology at Temple University School of 
Medicine, Philadelphia.) 


(Received November 29, 1934.) 


Smvcz Reisseisen [1822] demonstrated the presence of smooth muscle 
in the bronchial tree, many attempts have been made to invéstigate its 
action. Experiments to this end have chiefly been carried out on animals, 
and were conducted either on isolated lungs or with the animals under 
the influence of an inhalation anssthetic, and sometimes also curarized. 
Dixon and Brodie [1903] summarized the position and also devised an 
experimental method which gave very successful results, showing clearly 
the action of the broncho-constrictor nerves in the vagus and the effects 
of such drugs as pilocarpine and atropine. This work was carried out on 
dogs, cats and rabbits, usually anesthetized with ether and kept alive 


graph, and changes in volume were considered to be due to changes in the 
calibre of the bronchial tree. ; 

By the same method, Januschke and Pollak [1911] demonstrated 
the dilating action of adrenaline on an already constricted bronchus, and 
Dixon and Ransom [1912], working with cats; gave convincing proof 
of the existence of broncho-dilator fibres in the sympathetic nerves. 

Einthoven [1892] claimed to have shown rhythmic contractions of 
the bronchi occurring independently of respiratory movements. This was 
contested by Trendelenburg [1912] who pointed out other interpreta- 
tions of the tracings and that the method used, which included artificial 
respiration, allowed of too many indeterminate factors. He also failed to 
demonstrate such a rhythm using isolated rings of the bronchus of the ox 
suspended in Ringer’s solution and attached to a recording lever. 

1 Geoffrey E. Duveen Travelling Student in Oto-Rhino-Laryngology, University 
of London. | 
PH, LXXXIV 15 


: 
223 
* 
¢ 
om 
4 
= 
an 
a 
> 
ag 
3 
j 
f 


224 M. P. ELLIS AND A. E. LIVINGSTON. 
There are several objections to Trendelenburg’s method, and no 


substantial advance was made until Jackson [1917] described move- 


ments seen through a bronchoscope. He asserted that, in the larger 
bronchi, there is an inspiratory dilatation associated with elongation, an 
expiratory narrowing with shortening, that this association is inseparable, 
and that the movements are indissociable from those of respiration. 
These observations were made in man as well as in many animals. 
Ingals [1905] had already mentioned the changes in calibre of the 
pronchi. Weingaertner [1920] used an endoscopic method of recording 
the changes in length. 

The development of radio-opaque oils which can be introduced into 
the bronchial tree without harmful results led to further observations 
both in man and animals by Bullowa and Gottlieb [1920] and others 
confirming the bronchoscopists’ statements. A full account of the pro- 
gress to date is given by Macklin [1929], but special attention should 
be paid to the technique devised and the results obtained by J ackson 
[1913] and Sollman and von Ocettingen [1928}. 

It occurred to one of us, while working in the Chevalier Jackson 
Bronchoscopic Clinic, that the movements of the bronchi, clearly visible 
through the bronchoscope, could perhaps be recorded directly. In certain 
pathological conditions, particularly in some cases of asthma, these 
movements are very well marked and lead to almost complete occlusion 
of large bronchi during expiration, even though the patient is in a period 
of remission from attacks. It was hoped that information regarding the 
nature of the rhythmic changes in calibre could be obtained. After 
several unsuccessful attempts to devise a suitable method, the one herein 
described was evolved. 


EXPERIMENTAL METHOD. 


The principle of the method is the insertion of a rubber balloon into a 


bronchus and the recording of its changes in volume, which reflect the 
changes in calibre of the bronchus. A special instrument was devised. 
This instrument (Fig. 1) is essentially a brass tube, 48-5 cm. long and 
5-0 mm. external diameter, with an inner tube of 2-0 mm. external dia- 
meter. One end of this latter tube opens, as shown, into the area C, 
where a rubber cylinder D is attached, and the other end is drawn out- 
wards into a side tube E. The instrument is constructed in two sections 
(A and B), for a reason which will appear later. These are connected by a 
bayonet joint F in such a way that, when it is fully closed, the lumen of 
each tube is continuous and airtight, as proved by blowing air through 
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E which inflates the rubber cylinder, and through the main tube which 
does not do so. At first, it was thought that the central section, between 
H and F, should be flexible, and, in the earlier instruments, it was con- 
structed of gum-elastic. Subsequently, this was found not to be necessary 
and the thickness of the gum-elastic, encroaching on the lumen, was a 
disadvantage. The later instruments, therefore, were made entirely of 
thin brass. The outer tube can be closed off, but is usually allowed to 
remain open to allow of free circulation of respiratory air in the portion 
of the lung distal to the rubber cylinder, an essential difference from the 
method employed by Roy and Brown [1885]. 

The rubber cylinder was made from a sheet of thin condom rubber, 
using rubber cement, and fastened to A with silk threads at G and H. 
The cylinder is made of larger bore than the tube and care is necessary, 
when attaching it, to spread the wrinkles out as uniformly as possible. 


Fig. 1. Horizontal section of the instrument used. 


The tensile strength of the rubber and the method of attachment were 
found to be very satisfactory, contrasting with the experience of 
Frenckner [1934]. It is made large so that when filled under low pres- 
sure a large area is in contact with the walls of the bronchus for the ~ 
reception of movements. Calculation shows that a change in calibre of 
the bronchus from 8-0 mm. diameter to 5-0 mm. results in a change in 
volume of about 0-6 c.c. in a segment 2-0 cm. long (GH of Fig. 1). Thus 
@ sensitive recording apparatus is essential. 

A volumetric method of recording through thick-walled rubber 
tubing to a small Brodie bellows equipped with an aluminium writing 
point was found satisfactory in registering these small changes. In cali- 
bration, the introduction into the recording system of 0-1 c.c. of air by a 
hypodermic needle inserted obliquely through the wall of the rubber 
tubing caused an elevation of the writing point of about 1-0 cm. 

Dogs varying in weight from 5-0 to 9-0 kg. were used in the present 
series of experiments, larger animals requiring a longer bronchoscope 

15—2 
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than is convenient for use, Volatile anzsthetics were avoided. One grain 
of morphine sulphate was injected subcutaneously, and, 1 hour later, an 
intra-peritoneal injection of approximately 0-2 c.c. per kg. of body weight 
of a 10-€ p.c. sodium amytal solution was given. Larger doses of sodium 
amytal sead to unsatisfactory results, probably owing to the depressant 
action of the drug on smooth muscle. Artificial respiration was not used. 
The bronchial tree was first inspected with a Chevalier Jackson 
bronchoscope, 30-0 cm. long and made with a “full lumen” of 8-0 mm. 
diameter, to facilitate the introduction of the special instrument. The 
portion of the right bronchus between the orifices of the cardiac and 
intermediate lobe bronchi, usually from 2-0 to 3-0 cm. in length, was the 
segment selected. It is cartilaginous, and of about 0-7. cm. mean dia- 
meter. The distal portion of the instrument described above is moistened 
with water and introduced through the bronchoscope to the required 
position, and the latter is then withdrawn over it. The proximal piece of, 
the instrument is affixed, and the inner tube connected with the Brodie 
bellows which is always tested for leaks immediately before use. A side 
tube with a clamp is used to inflate the cylinder and distend the bellows. 
The rubber bag is inflated until the excursions are maximal. The position 
of the bag has many times been checked by autopsy, and, on two occasions, 
by X-rays, and has always been found in the position described above. 
A simultaneous record of respiratory movements is taken by means 
of a small rubber bag on the chest wall attached to a Brodie bellows. In 
most of the experiments a blood-pressure tracing from the right femoral 
artery is obtained by a mercury manometer. The left femoral vein was 
usually exposed for the injection of drugs, but, in other experiments, the 
superficial vein of the hindlimb corresponding with the external saphenous 
vein of man was used. In many of the.experiments a second and similar 
instrument, Fig. 1, was inserted into the nrner and connected up in — 


exactly the same way. 3 
ESULTS, 


Twenty-five dogs were used in the present series of experiments. An 
example of the types of tracings obtained from the chest wall, bronchus 
and cesophagus, as well as the blood-pressure, is shown in Fig. 2. 

The rhythmic waves on the cesophagus curve can be considered as a 
record of respiratory movements. The esophagus is a flabby muscular 
tube running through the thorax and exposed to the ‘‘pull” effect of 
changes in the intra-thoracic negative pressure. Consequent movements 
can be clearly seen through an cesophagoscope. The larger —* are 
due to sadependent movements of the cesophagus. 
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The curve from the bronchus shows a rhythm synchronous with that 
of the respiratory movements, and work is now in progress in an attempt 
to determine whether this periodicity is a passive effect of the respiratory 
movements of the chest wall and diaphragm or an active rhythm of the 
bronchial muscle. In addition to this rhythm, differences in the mean 
size of the bronchus are clearly shown. For instance, in Fig. 2, pilocar- 


Fig. 2. Dog of 8-66 kg. Atropine given intravenously 38 min. after the pilocarpine. Both 
injections were made after the tracing shown in Fig. 3 had been taken. 


pine causes a rise in level of the record together with smaller excursions. 
This means a total narrowing of the bronchus and lessened movement 
with each breath, indicating a contraction of the bronchial muscle. 
Atropine produces the reverse effects, indicating relaxation of the muscle. 
These results are obtained consistently and confirm those of previous 
workers using indirect methods. 

One interesting result, not clearly demonstrated before, is shown in 
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Fig. 3. The same dog as in Fig. 2. Relaxation obtained with adrenaline, 5 min. after the 
connections were made, suggesting that a tonus is normally present. 
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Fig. 4. Dog of 4-31 kg. Shows at A the effect of stimulating the peripheral end of the 
right vagosympathetic trunk, and again at B, after atropine had been given. 
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Fig. 3. An initial injection of adrenaline causes a downward displace- 
ment of the bronchial record, interpreted as due to a dilatation of the 
bronchus. This shows that the bronchi are normally in a state of tonus 
controlled by the sympathetic nervous system. As is well known, when 
the bronchi are constricted with pilocarpine, the administration of 
adrenaline, ephedrine or atropine causes dilatation, the effect of atropine 
being most marked. 

In all these experiments the cesophageal record was affected only 

indirectly by the changes in intra-thoracic negative pressure occasioned 
by changes in respiratory movements. Pilocarpine produces a mild 
dyspnea, owing to the narrowing of the bronchi, resulting in greater 
amplitudes in the excursions, but no alteration in the level of the curves. 
With the easy breathing after atropine the excursions diminish, but again 
the level remains substantially the same. It will be seen that the dif- 
ferences in the amplitudes in the bronchial and asophageal records are in 
opposition, as they are produced by different mechanisms. 
The method readily lends itself to an investigation of the action of the 
parasympathetic and sympathetic nerves on the bronchial muscle. 
Stimulation of the vagosympathetic trunk in the neck, before atropine, 
produces a constriction similar to that following an injection of pilo- 
carpine, as shown in Fig. 4.4. After atropine, stimulation results in a 
further relaxation of the bronchi, as indicated by the increased amplitude 
of the excursions, shown in Fig. 4 B. The former is to be interpreted as 
a predominant parasympathetic effect, and, when these nerve endings 
are paralysed by atropine, the effect on the sympathetic, previously 
overbalanced, now becomes evident. The cesophagus, consisting in the 
dog chiefly of striped muscle, goes into tetanic contraction on each 
occasion. 


the method is obviously applicable. It is proposed to extend to man the 
present study of the nature of the bronchial rhythmic movements. The 
precise mechanism of these movements is of great importance in the 
elucidation of many diseases of _ lungs, especially of asthma and other 
spasmodic conditions. 


No experiments have yet been performed on the human subject, but — 
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SuMMARY. 


_ 1, A method of directly recording changes in the calibre of the 
bronchi is described. 

2. The application of the method to the study of the actions of drugs 
on the bronchi and of broncial innervation is illustrated. 

3. Rhythmic movements of the bronchi, synchronous with respiratory 
movements, are recorded. Experiments to define the nature of this 
rhythm are in progress. | 

4. The method is suitable for investigating problems concerning the 
esophagus, | 
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THE PART PLAYED BY THE SPLANCHNIC 
INNERVATION IN THE EMPTYING TIME 
OF THE STOMACH. 


By 8. CERQUA?. 
(From the Physiological Laboratory, University of Cairo.) 
(Received January 7, 1935.) 


TuE literature relating to the subject discussed in this communication is 
so extensive that only those references will be given which have a direct 
bearing on the present research. A more complete review will be found in 
the papers by McCrea [1926], McSwiney [1931] and by Shay and 
Gershon-Cohen [1934]. 

Hirsch [1892, 1893] and von Mering [1893] were the first to 
consider the duodenum as a factor taking part in controlling the passage 
of food from the stomach into the small intestine. These two observers 

found that a filling of the duodenum causes a delay in the emptying of the 
stomach and suggested that this is due to a closure of the pyloric 
sphincter reflexly evoked by the distension of the duodenal wall. 
Serducov [1898-9], working in Pavlov’s laboratory, demonstrated 
_ that the duodenal reflex depends not so much on the mechanical con- 
ditions prevailing on the duodenum as on the chemical composition of the 
duodenal contents. Using Pavlov’s fistula method, Serducov showed 
that while water and dilute alkali rapidly pass from the stomach into the 
duodenum, acid solutions are retained for a long time. Lintvarev 
[1901] extended these observations by showing that neutral fats also 
cause a conspicuous delay of the gastric emptying. In this case too the 
effect could not be explained by a simple mechanical distension of the 
duodenum because neither paraffin oil nor glycerol of the same con- 
sistency as olive oil produced the delay. 
The observations of these authors were confirmed by subsequent 
workers and were extended to other animals and to man. The only 
modification which has been introduced into the original conception is 


1 On the Surgical Staff of the Italian Hospital, Cairo. 
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that acids are no longer regarded as specific substances evoking a closure 
of the pyloric sphincter. Strong alkali, hypertonic solutions of sugar 
and salts of various irritants were also found to delay the emptying of 
the stomach. There is general agreement that the duodenum presents 
a sensitive area which can discriminate between different substances 
according to their chemical composition and can regulate the rate of 
emptying of the stomach by reflex control of the pyloric sphincter and of 
the gastric movements (Brauch, 1932]. The X-ray method introduced by 
Cannon [1898, 1911] confirmed the main conclusions of previous ob- 
servers and extended them by the study of other substances. Doubt has 
been thrown in recent years on the theory of the chemical control of the 
pyloric sphincter. A full account of the different opinions upon the question 
is given in Babkin’s Monograph [1928]. It seems, however, that the 
work of Shay and Gershon-Cohen [1934] has established definitely the 
existence of this reflex for man. : 

The rate of gastric emptying is governed by a number of different 
factors which may help or antagonize each other. The tone of the stomach, 
the rate and strength of its contraction, the state of the pyloric sphincter, 
the intensity of the duodeno-pyloric reflex, the specific gravity of the 
gastric contents and possibly also the degree of filling of the duodenum 
all play a part. In view of this complicated array of influences it is hardly 
possible to predict the effect of the elimination of the splanchnic or of the 
vagus nerve supply to the stomach upon the rate of its emptying. This is 
especially so since our knowledge of the motor innervation of the different 
parts of the stomach is as yet incomplete. The recent investigations of 
McSwiney [1931] show how much more we have to learn about the 
innervation of this part of the digestive tract before a complete know- 
ledge is reached. In view of the many contradictory observations it 
would be premature to form any definite conclusions as regards the 
action of the splanchnic fibres on the sphincter. It is more probable that 
the inhibitory influences predominate over the excitatory ones. 

The effect of splanchnotomy on the emptying time of the stomach 
has been studied by several previous workers. McCrea [1926] and 
McSwiney [1931] gave a summary of the results obtained by each 
observer, In some observations the period of the post-operative examina- 
tion has been too short. In others the normal variations of the emptying 
time have not been taken into sufficient consideration, the exact com- 
position of the test meals used are frequently not given. In spite of these 
omissions most observers agree that section of the splanchnic nerves 
leads to a shortening of the emptying time. This conclusion is also 
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supported by McSwiney, who adds, however, that the elimination of 
one of the extrinsic nerve supplies to the stomach is followed by a gradual 
diminution and finally by an almost complete disappearence of the control 
by the remaining system so that with time most of the disturbances 
gradually diminish and ultimately the emptying time tends to approach 
normal, The only permanent symptom of importance which remains is a 
decrease of the initial emptying time. 

The object of the present research was to reinvestigate the problem as 
regards the extent to which the extrinsic innervation influences the rate 
of emptying of the stomach and if possible to extend the observations of 
the previous authors. The experiments described here deal with the 
changes following a bilateral section of the splanchnic nerves, In contra- 
distinction to the previous workers the emptying time was determined 
for a number of different substances, and the observations were carried 

out by a variety of methods. The selection of the substances introduced 

into the stomach was made so as to include those which under normal 
conditions show the greatest difference as regards the rate at which they 
pass from the stomach into the small intestine, namely, water, weak acid 
solutions and oils. 

The experiments were performed on sixteen dogs weighing between 
7 and 11 kg. Three methods were employed to study the motility and the 
rate of emptying of the stomach. The movements and the emptying were 
observed by means of X-rays after feeding the animal with 75g. of 
barium sulphate suspended in 120 c.c. of water, of N/10 HCI or of olive 
oil. In every case the test meal was administered not less than 16 hours 
after the last intake of food. Some of the animals were provided with a 
gastric fistula, and the rate of the emptying of the stomach was studied in 
the same way as had been done in Pavlov’s laboratory, namely, by 
draining the gastric contents at definite short intervals of time into a 
measuring funnel connected with the fistula. Each measurement took 
between 10 and 20 sec. The third method consisted in measuring the 
changes of pressure inside the stomach during the period of its emptying. 
The cork closing the fistula tube was perforated with two holes, through 
one the stomach could be filled or emptied, while through the other a 
small rubber balloon was inserted into the stomach. The balloon was 
connected with a water or membrane manometer of suitable construction. 
After its introduction into the stomach the balloon was slightly inflated 
with air at a pressure of 5-10 cm. of water. 
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OBSERVATIONS ON NORMAL ANIMALS. 


In the experiments with fistulated animals the stomach was filled 
with water, N/10 HCl or olive oil which was always tested for neutrality. 
The substances were introduced from a measuring funnel raised about 
- 20cm. above the gastric fistula. On opening the rubber connection the 
fluid was allowed to run into the stomach. In most experiments 300 c.c. 
of water or of acid were introduced. In some experiments the olive oil 
was introduced in amounts of 300 c.c., while in others only 100 c.c. of oil 
were injected and this was followed after an interval of a few minutes by 
200 or 300 c.c. of water. The rate of introduction was so regulated that it 
should take about 1 min. The reaction of the stomach was always tested 
with litmus paper before the introduction of the fluid, and the experiment 
was made only if the reaction was not acid. The stomach was considered 
_ empty when not more than 20 c.c. of the injected liquid could be drained 
out of it. 

The results of over 200 tests were in every respect confirmatory of the 
original observations made in Pavlov’s laboratory. The oil passed into 
the small intestine slowest, the water quickest, and the acid solution 
took an intermediate position. So long as the pre-experimental condition 
of the animal was well controlled the variations in the emptying time for 
_ the same substances were surprisingly small. In fact the differences 
observed for the same animal and for different animals were so small that 
the results of all the experiments could be plotted on one chart (Fig. 1A). 
For water the emptying time varied between 13 and 22 min.; in over 
— 90/p.c. of the experiments it was between 15 and 20 min. The emptying 
time for the acid varied between 50 and 65 min., and for olive oil between 
120 and 145 min. In the experiments with oil it was usually observed that 
the first one or two drainages showed an increase in the gastric contents 
which in such cases was always coloured with bile. This regurgitation of 
the intestinal fluids into the stomach has been frequently described by 
previous authors. No obvious difference in the emptying time was 
observed on changing the temperature of the substances introduced into 
the stomach, although it was varied within the wide limits of 4 and 41° C. 

Various objections have been raised from time to time against the use 
of Pavlov’s fistula method for the(\study of the gastric movements and 
the rate of emptying. Since in the present work the X-ray method was 
applied to normal as well as fistulated animals while the direct observa- 
tions were made exclusively on animals with a gastric fistula, it was of 
importance to determine the effect which the operation may have on the 


« 
i 
a 
R 
* 
wg 
4 
d 
J 
ay 
u 
igs 


236 | 8. CERQUA. 


emptying time. This comparison was made on the same animals before 
and after the establishment of a gastric fistula. Test meals of the same 
composition and containing the same amount of barium sulphate were 
given to the dogs in order to establish the emptying time. The animals 
were then operated and after recovery the experiments were repeated. 
As usual after a laparotomy the emptying time was at first prolonged, but 
within 10-14 days it returned to normal and there remained no difference 
between the operated and the non-operated animals. As a result of these 
experiments it became obvious that the gastric fistula does not interfere 
with the emptying of the stomach. In practice the fistula method presents 
in some respects considerable advantages over the X-ray method. It is 
notoriously difficult to express an X-ray ghadow in terms of volume, 
while the fistula allows a quantitative (measurement of the gastric 
contents. 

The X-ray examinations fully confirmed the results obtained on 
animals with gastric fistule. Barium sulphate which was suspended in 
water left the stomach on an average in 34 hours with maximal variations 
between 3 and 4 hours. Barium sulphate suspended in an equal amount 
- of olive oil was evacuated in 84-10 hours with an average of somewhat 
over 9 hours. Experiments with barium suspensions in acids were not 
made, the X-ray observations being restricted to the two substances 
_ which showed extreme difference in the rate of gastric emptying. 

Registration of the pressure changes taking place inside the stomach 
after introduction of water or oil did not reveal any points of interest. 
The contractions of the stomach increase after the introduction of 
300 c.c. of water and the average intragastric pressure rises by a few 
centimetres of water. The pressure diminishes before the stomach has 
time to empty itself. Introduction of fat did not seem to evoke as large 
contractions of the stomach as those observed in the case of water. The 
difference is, however, not striking and not always present. 


OBSERVATIONS AFTER SPLANCHNOTOMY. 

Having established the time limits and the individual variation of the 
gastric emptying for all the dogs the animals were subjected to a bilateral 
splanchnotomy. The splanchnic nerves were cut underneath the dia- 
phragm. The operation was made extraperitoneally through two high 
lumber incisions in one sitting. All the animals recovered, the wound 
healing in every case by first intention. The animals could be used for 
further observations within a fortnight after the operation. The experi- 
ments with the splanchnotomized animals were continued for 11 months, 
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and are those changes which persisted for the whole period of observa- 
tion were regarded as permanent. The majority of authors who have 
investigated this problem have relied entirely on the X-ray method. As 
regards experiments on fistulated animals no observations could be found 
in the literature. 

McCrea [1926] finds after splanchnotomy a permanent and con- 
spicuous shortening of the initial emptying time and also an appreciable 
decrease in the total emptying time. The rapid emptying is ascribed by 
McCrea to an increased motor activity of the stomach rather than toa 
patulous condition of the pyloric sphincter. 


Fig. 1. Diagrammatic representation of the rate of emptying of the stomach. A, before and 
B, after bilateral splanchnotomy. The shaded parts represent the results of all the 
experiments performed and include the maximal variations. Over 200 observations on 
twelve dogs were made before splanchnotomy and about 150 on nine dogs after 
splanchnotomy. In both diagrams from left to right—emptying rate for water, 
N/10 HCl and olive oil. 300 c.c. of each were introduced into the stomach and the 
stomach was considered empty if it contained not more than 20 c.c. In diagram B the 
shaded parts representing the emptying rate for the water and the acid are slightly 
overlapping. 

In the present experiments on fistulated animals the rate of passage of 
water was found to be normal within a month after the operation. As 
before the operation the emptying time for 300 c.c. of water varied in the 
different animals between 15 and 20 min., with occasional acceleration to 
13 min. and slowing to about 23 min. So far as it is permissible to draw 
any conclusions from experiments performed earlier than a month after 
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the operation it seems that the normal rate of the passage of the water 
into the small intestine returns rapidly. At any rate in the few experi- 
- ments made within 10-12 days after splanchnotomy the emptying time for 


water was not found to be increased, As regards the acid solutions and — 


olive oil the emptying time was greatly reduced in all the splanchnoto- 
mized dogs. Frequently the acidulated water passed almost as quickly as 
ordinary water. Qn the average the acid solution left the stomach in 
30 min. with a variation ranging between 23 and 35 min. The olive oil 
passed into the intestine in 45-55 min. with an average of 49 min. The 
emptying rate for the acidulated water and for the oil remained un- 
changed during the 11 months after the operation. The emptying time for 
the three substances as observed in all the experiments before and after 
the operation is shown in Fig. 1A and B. | 
The balloon method did not demonstrate a constant change in the 
intensity and rate of the gastric contractions. A short time after the 
operation the contractions were definitely diminished im strength. A 
month or so later they were in some dogs approximately normal while in 
others they remained below normal. The increase of the contractions 
which was noticed by some workers as a constant result of splanchnotomy 
has not been observed in the present experiments. In some animals the 
contractions were somewhat increased in strength, but this varied from 
day to day. In most animals the stomach appeared to be rather less 
active than before the operation. Neither the tone nor the contractility 
of the muscular layers of the stomach seems to be permanently and notice- 
ably affected by the section of the splanchnic nerves. In spite of this the 
emptying time for the acidulated water and for oil is greatly reduced. On 
the other hand, water passes into the small intestine after splanchnotomy 
at the same rate as before. In other words, the emptying time is accelerated 
chiefly for those substances which are supposed to evoke, when present 
in the duodenum, a reflex closure of the pylorus. These considerations 
suggest that the main cause of the more rapid emptying of the stomach 
which is observed after splanchnotomy in the case of acids and especially 
of fats is due to a weakening of the duodenal reflex. The changes just 
described are permanent; at least they did not show any improvement 
within almost one year of observation. | 
The X-ray observations with barium suspensions in water and olive 
oil confirm the results obtained on fistulated animals. The water test 
meals were found to leave the stomach after splanchnotomy in approxi- 
mately the same time, between 3 and 4 hours. On the other hand, the 
same amount of barium sulphate suspended in olive oil left the stomach 
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at a rate considerably faster than before the operation. In normal 
animals the stomach was definitely not quite empty 9 hours after the 
ingestion of the test meal; on some occasions it even contained traces for 
over 10 hours after the feeding. In splanchnotomized dogs the stomach 
was invariably empty after 4-5 hours. The X-ray exposures showed after 


Fig. 2. Emptying of the stomach after bismuth test meal before and after splanchnotomy. 
The reproductions follow each other from left to right. A. Dog. 5, normal, bismuth in 
water; (1) immediately after the meal, (2) 1}, and (3) 3} hours later. B. Same dog 3} 
months after splanchnotomy, barium in water; (1) after meal, (2) 2 hours and (3) 3} 
hours later. C. Same dog, normal, barium in oil; (1) after meal, (2) 2 hours, (3) 44 
hours, (4) 6 hours and (5) 9 hours later: D. Same dog, 3} months after splanchnotomy, 
barium in oil; (1) after meal, (2) 2 hours and (3) 4 hours later. E. Dog 8, normal, 
barium in oil; (1) after meal, (2) 2 hours, (3) 4} hours, (4) 6 hours. F. Same dog, 
4 months after splanchnotomy, barium in oil; (1) after meal, (2) 2 hours and (3) 4 hours 
later. 


splanchnotomy that simultaneously with the increased rate of gastric — 
evacuation there is also a considerably more rapid filling of the intestinal 
tract with the bismuth mixture. Radioscopic inspection of the stomach. 
during its emptying were made in every experiment. They failed to 
disclose as a constant occurrence an increase in the strength in the gastric 
contractions. | 
As a result of these observations it is difficult to explain the more — 
rapid emptying of the stomach by more vigorous contractions of its walls. 
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It is much more likely that the cause lies in a disturbance of the duodeno- 
pyloric reflex. This conclusion is rendered the more probable by the fact 
that the emptying time is conspicuously shortened only for the sub- 
stances which evoke this reflex. It is quite possible, however, that if 
larger amounts of watery barium test meal had been used the emptying 
time would also be found reduced. In the present experiments the total 
amount of each test meal was small and the difference in the behaviour of 
the stomach in the case of the fatty and the watery meal was well marked. 
The initial emptying time was invariably shortened after splanchnotomy, 
an observation which confirms the findings of McSwiney. Fig. 2 shows 
X-ray reproductions taken in normal and operated dogs which were given 
barium test meals in water and in oil. The experiments from which these 
reproductions were taken were chosen from among many similar ones. 


_ THE ACTION OF ATROPINE BEFORE AND AFTER SPLANCHNOTOMY. 

_ Amongst the dogs which were used for these experiments was one 
whose stomach remained always acid even after a long deprivation of 
food, and since all the experiments were performed only when the 
reaction of the gastric contents was neutral, this particular animal could 
not be frequently used. It was thought that a diminution of the gastric 
secretion might possibly be obtained by washing the stomach with very 
dilute solutions of atropine or by subcutaneous injections of small doses 
of atropine, and that since this drug is known to have little effect on the 
motor functions of the gastro-intestinal vagus this would not vitiate the 
results of the experiments. By a mistake, however, in the first experiment 
the dose of atropine injected was ten times greater than was intended; 
3 mg. of atropine sulphate were injected instead of 0-3 mg. About 10 
min. after the injection 300 c.c. of water were introduced into the stomach. 
On draining the water 5 min. later it was found that none had passed into 
the intestine, 300 c.c. were drained out; in the absence of atropine about 
half of the water would have left the stomach in that time. This was a 
_ surprising fact, since in no other conditions had it been observed before. 
The water was reintroduced and in another 5 min. the same volume was 
drained again. In addition to this it was also noticed that the dog 
behaved in a rather peculiar manner. It was whining, panting and con- 
stantly shifting its position. These symptoms rapidly became aggravated 
and very soon the animal exhibited signs of most violent pain, howling, 
biting and twisting itself in the stand. The dog became unmanageable 
and the experiment could not be continued. The fistula was opened in 
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order to‘empty the stomach. The water came out in a spurt as if under 
high pressure; about 300 c.c. were drained. As soon as the stomach was 
emptied the animal became normal and quiet. Reintroduction of water 
immediately brought forward the symptoms of pain. The animal could 
not withstand even smaller amounts of water in its stomach, volumes of 


about 100¢.c. were sufficient to cause acute discomfort. It was also 


noticed that in order to introduce into the stomach anything but the 
smallest amount of water pressures as high as 60-80 cm. of water had to 
be used. In spite of this pressure, when the measuring funnel containing 
the water was left open to the gastric fistula, very little water entered the 
stomach. At intervals the water was expelled back into the funnel. So 
long as the stomach contained some water the animal suffered acute pain 
which was instantly relieved on emptying the stomach. The peculiar 
behaviour of the atropinized animal may be compared with the behaviour 
of the normal animals in which the stomach could be filled with volumes 


of 600-700 c.c. at a pressure of only a few centimetres and without any 


definite signs of discomfort. 
This observation was so striking that the effect of atropine was tested 


on all the other dogs. The experiments were conducted on fistulated 


animals and with the help of X-ray on normal animals, In every case the 
general picture conformed with that just described. In many experi- 
ments, especially on animals which were not provided with a gastric 
fistula and whose condition could not be relieved by rapidly emptying the 
stomach, the animal itself ejected a part of the meal by vomiting. For 
some time this afforded a partial relief. It was immaterial whether the 
stomach was filled with water, acidulated water or olive oil, the symptoms 
were exactly the same, namely, severe pain sometime accompanied by 
vomiting and an extreme delay in the emptying of the stomach. 

In the normal dogs the emptying time for the watery barium meal 
averaged 34 hours, in atropinized dogs it increased to about 12 hours. 
This prolongation was the more striking since the atropinized dogs which 
received the barium meal usually lost a part of it by vomiting. The X-ray 
method revealed a conspicuous contracture of the whole stomach. Since 
in spite of this contraction there was no appearence of food leaving the 
stomach, the pyloric sphincter was, most probably, also spasmodically 
closed. This closure of the pylorus leads to a marked delay in the initial 
emptying so that even 3 hours after taking the test meal the intestine 
hardly contains any barium. The contracture of the stomach is so 
vigorous that towards the end of the experiment it frequently appears as 
a@ narrow tube showing an unusually pronounced ridging of the mucous 
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membrane. The state of contracture considerably outlasts the period of 
time necessary for the emptying of the stomach. Radioscopic inspections 
completely confirmed these observations and also demonstrated that the 
strength and rhythm of the gastric contractions become greatly aug- 
mented under atropine. The rings of the contractions of the fundus and of 
the pylorus are so vigorous that they lead to an almost complete occlusion 
of the gastric lumen, especially in the prepyloric region. During the whole 
of this time the pyloric sphincter remains spasmodically closed. 

It is difficult to decide whether the filling of the stomach is essential 
for the development of the gastric contracture observed after injection of 
atropine. The first attempt to introduce water into the empty stomach of 
an atropinized animal meets with considerable resistance, so that one is 
led to assume that the stomach either responds to filling by a very rapidly 
developing contracture or that the contracture was present already 
before the introduction of the water. As regards the discomfort and pain, 
these occur only after some fluid has been imtroduced. The following 
experiments may serve as an illustration of this. 

The gastric fistula of a dog weighing 84 kg. is connected to a measuring 
funnel containing 300 c.c. of water. The funnel is placed so that the level 
of the fluid in it is 20 cm. above the fistula. On opening the funnel the 
water is allowed to run freely into the stomach, the time taken being 
measured with a stopwatch. In the normal non-atropinized animal it 
- varied between 20 and 25 sec., the last 100c.c. entering the stomach 
approximately at the same rate as the first 100¢.c. In the atropinized 
animal the first 100 c.c. took about 20 sec. to run into the stomach after 
which only a@ little water would enter although the funnel was raised to 
50-60 cm. above the opening of the fistula. Instead of continuing to run 
into the stomach in a steady stream the water began to move to and fro, 
being periodically and vigorously thrown back by the gastric contractions. 
Whenever the stomach contained some water the animal showed signs of 
severe distress and pain which were immediately relieved by emptying 
the stomach. In some cases this was not easy to do because the contracture 
of the stomach was so vigorous that the gastric wall facing the fistula 
would completely occlude its internal opening. Some water thus became 
trapped in the stomach. The back wall of the stomach had to be pushed 
away in order to let the water out. Until this was done the animal 
suffered severe pain. In a few experiments the pain continued even after 
the water had been let out. In all these, however, some remnants of food 
were found in the stomach—a piece of meat or bread. The pain would 
completely stop only after the removal of these. 
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Fig. 3 shows two records obtained on the same animal.with the 
balloon method. 300¢.c. of water were introduced into the stomach of _ 
the normal dog. The pressure in the stomach rose during the introduc- 
tion by about 10 cm. of water. Within 2 min. the pressure dropped by 
5 cm. and within 2 min. more it was just a little above the pressure at 
which it had been before the introduction of water. In the atropinized 
animal only 150..c. of water were introduced. The pressure rose by 
25 cm. and did not diminish for 15 min. During the whole time the dog 
was extremely uncomfortable. It became calm only after the stomach 
was emptied. 


jo 


Fig. 3. Pressure registration in stomach, A small balloon was inserted through the gastric 
fistula, the balloon is connected with a water manometer the open limb of which is 
joined to a small spirometer. A. Normal dog; (1) introduction of 300 c.c. of water into 
the stomach, (2) 5 min. later. B. Same dog, 15 min. after injection of 3 mg. of atropine 
sulphate; (1) introduction of 150 c.c. into the stomach, (2) 10 min. later. Time in 10 sec. 
The inflation pressure of the balloon which was in both experiments equal to 15 cm. 
H,0 is taken for the base line. t 


The results obtained in the experiments with atropine leave no doubt 
that in the doses employed it produces prolonged and vigorous spasmodic 
contractions of the pyloric sphincter and a conspicuous increase in the 
tone of the gastric fundus. 

Bilateral splanchnotomy completely and permanently abolishes all 
these effects of atropine. Now, after injections of even larger doses of 
atropine, water, V/10 HCl and even olive oil pass from the stomach into 
the small intestine without any delay. Barium test meals whether pre- 
pared with oil or water are not retained in the stomach longer than 
normally. There are no signs of a pyloric spasm nor of the contracture of 
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the stomach. It can be noticed when the animal is subjected to X-ray 
examination that the barium meal passes rapidly and freely into the 
small intestine (Fig. 4). The atropinized animal after the section of the 
splanchnic nerves never empties its stomach by vomiting and never 


Fig. 4. Effect of atropine on the emptying rate before and after splanchnotomy. The 
records follow each other from left to right. A. Dog 9, normal, 4 mg. of atropine sub- 
cutaneously 15 min. before the meal; (1) after the meal, (2) 1 hour, (3) 4 hours, (4) 9 
hours and (5) 12 hours later; between (1) and (2) the dog vomited. B. Same dog 4 

_ months after splanchnotomy, 4 mg. of atropine; (1) after meal, (2) 3 hours and (3) 4 
hours later. C. Dog 11, normal, 3 mg. of atropine; (1) after meal, (2) 1 hour, (3) 6 hours 
and (4) 9 hours later; between (2) and (3) the dog vomited. D. Same dog, 3 months 

' after splanchnotomy, 5 mg. of atropine; (1) after meal, (2) 2 hours, and (3) 4} hours 
later. Note the rapid filling of the intestine after splanchnotomy. 


exhibits any signs of pain or discomfort even when the stomach is filled 
with considerably larger amounts of fluid than was usual in these ex- 
periments. 

The absence of pain cannot be ascribed to the fact that the stomach 
empties itself at a more rapid rate so that no opportunity is given for the 
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development of a high intragastric pressure. This was shown by the 
following experiments. _ 

In order to prevent the emptying of the stomach a large thin-walled 
rubber balloon was introduced into it; this balloon could be filled with 
over & litre of fluid without producing any stretching of its wall. The 
empty balloon after being passed through the fistula into the stomach was 
connected with a graduated funnel and a water manometer. The fluid 
introduced into the balloon could not escape into the small intestine, 
neither could the animal eject it by vomiting so that the filling of the 
stomach remained the same under all conditions. The effect of atropine 
upon the pressure in the balloon and upon the general condition of the 
dog was observed in normal and splanchnotomized animals. It can be 
seen from the following example that the difference in the behaviour of 
the animal under these conditions was striking. 

The observations were made on a dog weighing about 9 kg. Water was 
introduced into the balloon in quantities of about 200 c.c. at a time. As 
can be seen from Fig. 5A each introduction caused a small increase in 
pressure. After a few minutes the pressure returned to the previous level. 
In some experiments it fell even slightly below the level which it had 
before the introduction of each additional 200 c.c. This picture repeated 
itself until 600 c.c. of water were introduced. The animal began then to 
show signs of discomfort. When another 200 c.c. were introduced, making 
up 800c.c. in all, the dog began to suffer pain but nothing to compare 
with that described above in the case of atropine. The stomach caused a 
considerable bulging of the abdominal wall, the pressure in it increased by 
about 25cm. On letting the water out the animal became quiet. 

The experiment was repeated on the same animal after injection of 
3-5 mg. of atropine. Introduction of 200c.c. of water caused an acute 
discomfort and a much more conspicuous rise in pressure than in the 
normal animal. When 300 c.c. were introduced in all, the pressure in the 
stomach abruptly increased by about 70cm. (Fig. 5B). The animal 
became unmanageable, it tore off the rubber tube connecting the fistula 
with the manometer and the water had to be let out. The experiment 
was repeated several times, always with the same result. 

Four and a half months after bilateral splanchnotomy the experi- 
_ments were repeated on the same dog. In absence of atropine the pressure 
conditions were about the same as before the operation (Fig. 5C), except 
that when the stomach was filled with 1000 c.c. the animal continued to 
remain quiet. The stomach could be rapidly filled and emptied with large 
amounts of water without bringing about an undue increase of pressure 
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or obvious symptoms of pain. Injection of atropine after splanchnotomy 
had now no effect. The pressure in the stomach changed on the introduc- 
tion of the fluid in exactly the same manner as before the injection of 
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Fig. 5. A large rubber balloon is inserted through the gastric fistula. Water is introduced 
into the balloon and the intragastric pressure is registered by means of a spirometer. 
Water is introduced 200 c.c. at a time. The records to be read from left to right. 
A. Normal dog; record (1) introduction of the first 200 c.c., (2) increasing the water 
content from 400 to 600 c.c. and (3) from 600 to 800 c.c. B. Normal dog, 15 min. after 
the injection of 3-5 mg. of atropine; (1) introduction of 200 c.c. of water, (2) addition of 
another 100 c.c.; the stomach was then emptied and in (3) 300 c.c. of water were 
reintroduced. C. Same dog, 44 months after splanchnotomy; (1) 200 c.c. of water in 
the stomach, (2) increase of gastric contents from 600 to 800 c.c. and (3) from 800 c.c. 
to 1 litre. D. Same dog, 15 min. after injection of 6 mg. of atropine; (1) increase of 
gastric contents from 200 to 400 c.c., (2) from 600 to 800 ¢.c, and (3) from 800 c.c. to 
1 litre. Time in 30 sec. The tracings in each row are adjusted to the same base line. The 
scale on the right of the figure is the calibration of the spirometer, each division 
representing 10cm. H,O. 


atropine (Fig. 5D). While in the normal dog 3-4 mg. of atropine would 
evoke all the symptoms described above, after splanchnotomy doses as 
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high as 10-12 mg. were found to be ineffective. This. restitt" Mot splanch- 
notomy is permanent and appears immediately after the section of the 
nerves. At any rate dogs which had been operated upon about a year 
before the experiment did not show any difference in behaviour as com- 
pared with freshly operated animals. Thus the experiments with the 
balloon show that the absence of pain in splanchnotomized animals cannot 
be explained by the fact that the stomach empties itself with greater 


— Discussion. 


In view of the present recasting of our eee of gastric innerva- 
tion it would be premature to advance an explanation of the observations 
described in the present communication. The experiments are on the 
whole in agreement with the statements made by previous authors. The 
initial emptying time after splanchnotomy was found to be permanently 
shortened. As regards the total emptying time in the first few weeks after 
splanchnotomy it was found to be somewhat decreased. This more rapid 
emptying of the stomach is, in confirmation of McS winey’s observation, 
not permanent. The rate at which water and the watery barium meal 
leave the stomach rapidly returns to normal. But in the case of substances 
which are known to evoke the duodeno-pyloric reflex, e.g. acids and fats, 
the time is permanently shortened. The emptying of the stomach is in 
some animals so much faster that one was in some doubt as to whether 
after splanchnotomy there remained any difference in the emptying time 
for these substances. Only on careful examination of a large number of 
experiments did the difference between the behaviour of the stomach 
when filled with water, acidulated water or oil become obvious. It seems 
evident that the duodeno-pyloric mechanism is greatly disorganized by 
splanchnotomy. The difference in the emptying time which persisted 
after splanchnotomy may possibly be explained by some other mechanism 
than the duodeno-pyloric reflex. | 

As regards the effect of atropine the experiments have shown that 
doses above 3 mg. for a medium-sized dog evoke a considerable increase 
in the tone of the whole stomach as well as a most vigorous contraction of 
the pyloric sphincter. In consequence of this there is a great delay in the 
emptying of the stomach. Nausea, vomiting and severe pain occur when 
the stomach is filled. All these symptoms disappear after splanchnotomy. 

It is likely that the contracture of the stomach and of the pyloric 
sphincter observed after injection of atropine are reflexly evoked by 
filling of the stomach. Pharmacological literature tells us that very high 
concentrations of atropine may evoke a contraction in isolated strips of 
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the gastric musculature. The explanation of the results described in this 
paper on the basis of such a peripheral action cannot, however, be 
accepted because splanchnotomy completely abolishes the effect. How 
far the changes resulting from section of the splanchnic nerves are 
chiefly due to the interruption of the sensory or of the motor fibres cannot 
as yet be decided. The experiments make it, however, abundantly evident 
that in confirmation of the recent observations of Bain, Irving and 


- MeSwiney (1934) the splanchhic nerves must be regarded as an import- 


ant channel for the sensory impulses arising in the stomach and possibly 
other abdominal organs. The experiments also demonstrate that the 
duodeno-pyloric reflex cannot be regarded, following the suggestion of 


Cannon (1911), as entirely based on a “peripheral reflex mechanism”, — 


since it is greatly influenced by the sympathetic nerve supply. 

The present series of experiments is being continued on vagotomized 
animals and on animals in which both the sympathetic and the vagus 
innervation have been excluded. | 


CoNnOLUSIONS. 


1. Double splanchnotomy accelerates the rate of emptying of the 
stomach for those substances which evoke the duodeno-pyloric reflex. 
The emptying time for water and watery barium test meals is not changed 
permanently. 

2. Injection of atropine in doses of 3 mg. and upwards into dogs 
weighing 7-11 kg. produces a spasmodic closure of the pyloric sphincter 
and a severe contracture of the fundus. The emptying time is extremely 
prolonged. Introduction of fluid into the stomach of an atropinized 
animal evokes severe abdomonal pain which is relieved only by emptying 
the stomach, | 

3. Double splanchnotomy permanently abolishes all these symptoms. 
The emptying time is not delayed any longer by injection of atropine. 
Doses of atropine up to 20 mg. fail to evoke a spasm of the pylorus, and a 
contracture of the stomach which can now be filled to an extreme degree 
without causing either pain or vomiting. 

This research was undertaken at the suggestion of Prof. G. V. Anrep, F.R.S., to whom 
I want to express my thanks for his constant advice and criticism. I also want to thank the 


Radiological Department of the Italian Hospital, Cairo, for enabling me to carry out the 
X-ray work which was necessary for these experiments. 
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IMPULSES FROM THE NERVES 
OF THE FROG. 


By B. M. HOGG, 
(From the Physiological Laboratory, Cambridge.) 
(Received January 29, 1935.) 


ADRIAN [1926, 1931], Matthews [1929], and Feng [1933] described 
sensory action potentials of relatively low voltage and slow conduction 
rate, appearing in cutaneous nerves of the frog as the result of intense 
stimulation of the skin. These potentials were tentatively assigned by 
Adrian [1931, 1932] to fibres serving a pain function, though their con- 
duction rate placed them in the “B” group of Gasser and Erlanger 
[1930] which at that time was thought not to have a sensory function. 
_ Recently Heinbecker, Bishop and O’Leary [1934] have shown that 
the “B” group is definitely associated with the mediation of pain and 
temperature sensation in man and other mammals. 

Hitherto no attempt has been made to study the discharge of slow 
impulses from a single unit, and it has not been decided how far the 
activity of the endings agrees with that of other kinds of sense organ. 
Are the slow impulses discharged in a regular series over a certain fre- 
quency range? If so, what is the range? Does the frequency vary with 
the stimulus, and if so, do the variations in frequency follow immediately 
on changes in the stimulus? The latter point is of some interest in that 
previous work on these impulses has suggested that with severe pressure 
the maximum discharge rate lags some way behind maximum stimulation, 
as though some relatively slow process intervenes between the mechanical 
disturbance of the skin and the excitation of the “slow” endings. Some 
factor making for inertia and momentum in the response is also suggested 
by the long-continued discharge after the stimulus is withdrawn. 

Besides these points relating to the mechanism of response of the 
slow endings there are several which concern their function as a part of 
the sensory apparatus of the skin. Heinbecker, Bishop and O’Leary 
[1933] have analysed the mammalian sensory fibres by making use of the 
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differential effect of narcotics on the sensations of pain, temperature and 
touch. Although we cannot argue from the sensations of man to those of 
the frog, it is at least worth investigating the effect of narcotics on the 
frog’s sensory endings. Other questions studied relate to the differences 
between the “tactile” group of endings and the “slow” type in regard 
to (a) area supplied by a given nerve, (b) threshold for mechanical and 
chemical stimulation, (c) form of action potential, (d) rate of conduction, 
etc. | 
METHOD. 


The apparatus used was the standard arrangement of amplifier, 
Matthews’ oscillograph, loud-speaker, viewing screen, and camera. 

The preparation, consisting of the dorsal skin of R. temporaria with 
attached cutaneous nerve, was placed on a horizontal platform, through ~ 
a hole in which the nerve was passed to the moist chamber proper. In 
the chamber the nerve lay on two cotton wicks, soaked in Ringer and 
leading to the input of the amplifier via silver silver-chloride electrodes. 
The whole chamber was mounted on a microscope slide and held in a 
mechanical stage for ease of motion in a horizontal plane. Mechanical 
stimuli were obtained by means of a lever loaded with varying weights, 
the point bearing on the skin being of variable size, and the movement of 
the lever being controlled by means of an oil dashpot. A signal was 
arranged to show the moment when the full load was applied to the skin. 
Thermal stimulation was by means of a heated loop of wire held at an 
easily variable distance above the preparation: chemical stimuli by very | 
small drops of acetic acid of varying concentration. 3 

To insure obtaining the whole skin area served by one cutaneous 
nerve, a fairly wide skin excision carried well across the mid-line is 
necessary [Adrian, Cattell and Hoagland, 1931). 

If such a preparation is kept fairly cool (15° C.), and the skin and 
nerve moistened regularly with Ringer, it will remain in good condition 
for many hours. 

RESULTS. 
| Distinction between fast and slow impulses. 

In a record of the discharge produced by mechanical stimulation of 
the skin, there is no difficulty in distinguishing the rapid impulses which 
are produced by light touch from the slower type due to severe pressure. 
The former give greater potentials, have a shorter duration and are con- 
ducted more rapidly; although the slow impulses are by no means all 
alike, they form a distinct group clearly separable from the fast type. 
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Figs. 1 and 2 illustrate these differences. Adrian [1932] has described 
impulses of intermediate rate and size produced by thermal stimulation 
of the skin of the abdomen, but these are not found in the dorsal 
cutaneous nerves. 

The characteristics of the slow and fast impulses are best compared by 
a table giving typical values (averaged from thirty preparations). 
The conduction rate of the slow group can be roughly estimated from 


Fig. 1. Illustrating the variety of response to pressure. The first a fast tactile impulse 
followed by three slow impulses. 


Fig. 2. A and B tactile responses and C, D and E response to pressure from same 
preparation. Film speed 1-75 m./sec, Time 0-02 sec. Temperature 15-5° C. 


records of diphasic waves taken on a surface moving 2-3 metres per sec., 
for the beginning of the second phase is usually well marked (cf. Fig. 2 C, 
D, and E). The rate varies between 1-5-4-5 metres per sec. The length 
of nerve is too short to allow the conduction rate of the fast impulses to 
be measured in this way, but Matthews found rates from 8 to 12 metres 
per sec. for the tactile impulses from the frog’s skin. 


Type Potential ,»V./millisec. millisec. millisec. 
Fast tactile 30-40 200-40 1-1-5 3 
Slow 5-10. 2-5-10 1-2-0 15-20 


Temperature 13-40° C. Film speed 1-5-2 metres per sec. Average length of 
| nerve 6-10 mm. 
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As Adrian, Cattelland Hoagland showed, the area of skin supplied 

with endings responding to light touch by any one of the dorsal cutaneous 
nerves is irregular in shape and varies between 1 and 2 cm. in diameter. 
Adrian [1931] states that there is no clear difference in the receptive 
fields for fast and slow impulse in the frog, though there was some evidence 
of a larger field for the slow impulses in the mammal. In the present 
work it was found that slow impulses could be elicited from any part of 
the tactile area by appropriate mechanical stimulation, but apparently 
more easily from some areas than others. These areas do not seem to have 
any relation to the type of skin coloration or conformation, whereas the 
tactile endings seem to be most abundantly supplied to the small eleva- 


tions on the skin. In most preparations, however, the area supplied by 


slow fibres is on the whole slightly larger than that supplied by rapid. 
There are small irregular areas of from 1 to 5sq. mm. outside of the 
tactile area in which the appropriate stimuli will give rise to the slow © 
type. This failure of coincidence is nowhere as great as might be expected 
from the supposed areas of protopathic and epicritic supply in the mam- 
mal, but it is definitely present in the majority of preparations. 


Response of single fibres. 


Using a point 1 sq. mm. in area on the lever, it was found quite 
possible to obtain the slow type of impulses without a tactile response, 
but the obtaining of a response from a single “slow” ending was largely 
a matter of chance. Many preparations, however, after a persistent 
search, yielded areas which gave the characteristic single unit response. 
Fig. 3 A shows that the response may be quite as regular as that from 
any other kind of sense organ, though the frequency range is lower. 

For mechanical stimuli the maximum frequency usually lay between — 
30 and 40 per sec., and the least frequency at which the response was still 
regular was 15 per sec. This may be compared with the maximum rate 
of 250 or more for a frog’s muscle spindle on intense and sudden stretch 
(Matthews, 1931]. 

With thermal stimulation by a fine cautery point a regular series 


_ Of slow impulses has been recorded at a frequency as high as 60 per sec. 


(Fig. 3 C), but the rate in this case must have been. largely influenced by 
the higher temperature of the end organ. 
The evolution of the response for a stimulus spptied rapidly is shown 


in Fig. 4. A signal was arranged to cast a shadow on the film at the 
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moment when the full weight rested on the skin. In the record (Fig. 5) 
the shadow is too faint to appear, but its position is marked by the white 


rts 


Fig. 3. Slow impulses from single unit. A, response to’ intense pressure 20g. per mm.’ 
Temperature 15° C. Frequency of response 22/sec. B, Response of a different pre- 
paration to mechanical stimulus. C, response of preparation in 3B to fine hot cautery. 
Frequency of response about 60/sec. 


Time after onset of stimulus (seconds) 
Fig. 4. 


triangle. It will be seen that there is a delay of 0-70 sec. before the 
maximum frequency is reached. That this delay ig a constant feature of 
the response is shown by the curves in Fig. 6, made from preparations with 
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several endings. They suggest that a higher maximum is attained a little 
earlier as the intensity of the stimulation is increased. Adaptation is very 
slow and the discharge never ceases abruptly on cessation of stimulation. 


sr 


10 
Time after onset of stimulus (seconds) 


Fig. 6. Evolution of response in slow fibres following stimulus. 
Same preparation, same area. Temp. 15°C, 


Slow impulses due to different kinds of stimuli. 
In the dorsal cutaneous nerves it has not been possible to detect any 
difference between the impulses set up by mechanical, thermal and 
chemical stimuli, for all three kinds of stimuli produce impulses whose 


size and rate of conduction vary over a fairly wide range. There is no sign 
that the impulses due to chemical or thermal stimulation are on the whole 


faster or slower than those due to pressure. 

From the foregoing results it appears that the endings responsible for 
the slow impulses form a distinct group but have the same general plan 
of behaviour as other sensory endings. They respond by a regular dis- 
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charge of impulses when strongly excited. The frequency varies with the 


intensity of excitation, and if the time relations of the discharge and of | 


the individual impulses were quickened two or three times, and the 
potentials increased, there would be little to distinguish a “slow” 
discharge from that of, for example, a muscle spindle. 

There are, however, a number of differences between fast and Lie 
endings which make it clear that the latter are not merely a very in- 
sensitive version of the former. These are (a) a differential responsiveness 
to stimuli of different kind, and (6) a differential action of drugs and ions 
on the two types of endings. 


Fig. 7. Novocaine on skin. A, before: B and C 3 and 5 minutes later. 
The slow impulses are abolished before the rapid. 


(a) The mechanical stimulus threshold for slow impulses has averaged 
2-4 g. per sq. mm. The mechanical threshold for tactile stimuli, on the 
other hand, was extremely low, 0-05-1 g. per sq. mm. But with thermal 
and chemical stimulation the tactile endings are less sensitive than the 
slow type. With heat, slow impulses appear before the fast, and with 
acetic acid, a 2 p.c. solution stimulates only the slow type of fibre, 
higher concentrations being necessary to excite the fast type. 

(6) Feng [1933] has shown that 2 p.c. KCl solution acts differently 
on the fast type, abolishing the response to touch, but leaving that of the 
slow endings unimpaired. This has been confirmed in the present experi- 


‘ments, though the excitability of the slow type of ending is cin eed 
abolished. 
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On the other hand, various local anwsthetics applied to the skin 


, abolish the slow type before the fast. This has been observed with 


stovaine, novocaine, percaine, and quinine-urea-hydrochloride. Fig. 7 
shows a typical result using 1 p.c. novacaine. There is a marked diminu- 
tion in the response of the fast type, but the slow is already completely 
abolished. 

Discussion. 

The two points arising for discussion are (1) the nature of the stimulus 
which excites the “slow” end organs, and (2) the sensory effect of the 
discharge. As regards (1), it is clear that the stimulus must be something 
which would be likely to cause injury to the tissue. In addition to this 
we have the fact that the discharge rate, though varying with the 
intensity of the stimulus, does not reach its maximum until half a second 
or more after the application of the stimulus, and that the discharge 
continues after the stimulus has been withdrawn. It is possible that 
mechanical deformation, heat, and chemical action all excite by a direct 
action on the endings, but the delay in attaining the maximum response 
suggests that excitation may be due to something liberated from the 
injured tissues. As regards the nature of the stimulating substance—if 
it exists—we have Feng’s evidence that it is not the KCl liberated from 
damaged tissues, but, apart from this, its nature is unknown. 

With regard to (2), the probable relation of these sensory discharges to 
the sensation of pain has been discussed in some detail by Adrian [1931]. 
The evidence presented here strengthens this conclusion, since it shows 
that narcotics have a differential effect on the slow and fast fibres which 
parallels the findings of Heinbecker, Bishop and O’Leary [1933] on 
pain in man and the “B” group of fibres in mammals. The action appears 
to be the same whether applied to the skin—presumably the endings—or 
to the nerve itself. The slow fibres and their endings would seem to be 
more susceptible to these narcotics even though the tactile group are 
presumably more exposed (in the skin). KCl, on the other hand, has the 
opposite selective action, whether applied to the inner or outer skin 
surface [Feng, 1933]. 

The specificity of the impulses obtained by damaging stimulation of 
the frog’s skin seems to be quite clear cut. Within the group, however, 
it does not appear to be possible to differentiate between: the responses to 
mechanical, thermal, or chemical stimuli. In the skin of the abdomen 
Adrian [1932] found an intermediate group of impulses responding to 
lower temperatures, but. these have not been found in the dorsal skin 
preparations used in the present work. 

17—2 


Ms 
4 
wh 
ig 
fa 
4 
a 
a 
| 
ie 
Be. 
4 
q 
wy 
4 
“a 
¢ 
< 
a 


HOGG. 


SuMMARY. 


1. The slow sensory impulses in the dorsal cutaneous nerves of the 
frog are due to endings which react like other types of sense organ giving 
a rhythmic discharge of impulses the frequency of which varies with the 
intensity of the stimulus. 

2. There is an appreciable time interval between the application of 
stimulus and development of maximum response in these fibres. The 
interval becomes shorter as the intensity of the stimulus is increased. 

3. The skin areas supplied by the slow and fast fibres are not co- 
incident, the area supplied by the slow usually being somewhat larger. 

4. The application of noxious stimuli to the skin such as crushing, 
heat and acid leads to a physically specific type of impulse in the 
cutaneous nerves, but in the dorsal skin there is no detectable difference 
between the impulses due to the three kinds of stimulus. 

5. The observations on the action of narcotics on, and the differences 
in threshold of, slow and fast fibres in the cutaneous nerves of the frog 
_ are in accord with similar observations on pain and touch respectively in 
man. 

The author wishes to thank Prof, Adrian for suggesting the problem and for his 
kindness and help during the course of the work. 
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THE ACETYLCHOLINE EQUIVALENT OF 
NERVOUS TISSUES. 


By 8 BARSOUM. 
(From the Pharmacological Department, Egyptian University, Cairo.) 
(Recewed January 31, 1935.) 


Exrracts of many tissues contain a substance pharmacologically identi- 
fied as acetylcholine. In the case of certain tissues the pharmacological 
identification has been confirmed by the isolation of chemically pure 
acetylcholine, but there is no chemical method of obtaining a quantitative 
estimate of the amount of acetylcholine present, and such an estimate 
can only be obtained by pharmacological tests. The term “acetylcholine 
equivalent” is used to mean the apparent concentration of acetylcholine 
chloride as estimated pharmacologically. | 

The present work is concerned with the acetylcholine equivalent of 
extracts of nervous tissues. Several investigators have published 
evidence that extracts of nerves may have an appreciable acetylcholine 
equivalent [Witanowski, 1925; Dikshit, 1933, Chang and Gaddum, 
1933; Plattner, 1933; Binet and Minz, 1934; Kwiatkowski, 1935], 
but it is not generally known that the acetylcholine equivalent of‘certain _ 
nerves is higher than that of most other tissues. | 3 


METHODS. 


In the experiments with dog’s tissues, the dog was anesthetized with 
ether and the extract was prepared within a minute or two of the time 
when the tissue was removed from the animal. In the experiments with 
human tissues, and water buffalo’s tissues, the delay was necessarily 
longer, but in all cases the tissue was extracted within 2 hours after the 
time of death. The total acetylcholine equivalent was estimated by 
preparing extracts with trichloroacetic acid, as recommended by Chang 
and Gaddum, and by comparing these extracts with acetylcholine 
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chloride on eserinized leeches. For certain special experiments alcoholic 
extracts were used. | 

In the case of some of the extracts it was shown that the active 
substance resembled acetylcholine in the facts that it was destroyed by 
alkali, or by blood, and that its action was increased by eserine. The 
pharmacological identification was not as complete as it would be possible 
to make it, but acetylcholine is the only substance known to occur in the 
body that could have produced these effects. 


ALCOHOLIO EXTRACTS. 


The observation of Chang and Gaddum that the acetylcholine 
equivalent of alcoholic extracts is 10-30 p.c. less than that of extracts 
prepared with trichloroacetic acid was confirmed, using nervous tissues. 
It has, however, been found that if an alcoholic extract is subsequently 
treated with trichloroacetic acid, the acetylcholine equivalent of the 
extract is increased so as to be the same as that of an extract prepared 
directly with trichloroacetic acid from fresh tissue. After removing the 
alcohol, and shaking with ether to remove fats, the extract contains a 
certain amount of insoluble matter in suspension. When such extracts 
(pH 6-5) were kept overnight at room temperature, they lost about half 
their acetylcholine equivalent (tested on the leech). Much of this lost 
activity could be recovered by treating the extract with trichloroacetic 
acid. 

These observations recall some of those of Bischoff, Grab and 
Kapfhammer [1931], who found that, by using trichloroacetic acid, 
they could isolate acetylcholine from extracts originally inactive in 
pharmacological tests. In the present experiments, however, the 
increase in activity due to purification was comparatively small, and the 
final activity was never greater than that of an extract prepared directly 
with trichloroacetic acid from fresh tissue. 

The disappearance of activity in the alcoholic extracts was emamaily 
due to the formation of an inactive compound, possibly by the adsorption 
of the activity on the precipitate. Trichloroacetic acid failed to regenerate 
activity when the active substance had been destroyed by boiling, by 
blood, or by treatment with strong alkali. The activity of a solution of 
pure choline, or acetylcholine, was not increased by the treatment with 
trichloroacetic acid. No activity was formed when a sample of lecithin 
was treated with trichloroacetic acid. 
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TRICHLOROACETIC ACID EXTRACTS. 


The results of the tests of extracts prepared with trichloroacetic acid 
are shown in the following table: 


_) Table, showing the acetylcholine equivalent of extracts, in y/g. tissue. 


Peripheral nerves Dog 
aeons 10-5, 10, 9-3, 9, 8-5 
Sciatic 2-5, 2-5, 2:2, 2, 1-7 
Optic chiasma 
Water 
Central nervous system Human Dog (Bos bubalus) 
Optic thalamus 0-85, 0-75 2-2, 1-7 0-75 
Cerebrum (grey matter) 0-75, 0-6 85 
Corpus stri 0-5 1-1 0-5 
Crura cerebri 0-5, 0-45 1 
cord 0-45 0-75, 0-6 — 
rebrum (white matter) 0-27, 0-2 0-55 05 
Pons 0-2 0-5 0-25 
Medulla oblongata 0-16 0-5 0-4 
Cerebellum 012,01 0-4, 0-33 0-4, 0-2 


It will be seen that, where several determinations were made on one 
tissue, the results showed good agreement. The extracts of nerves con- 
taining many small autonomic cholinergic fibres have an acetylcholine 
equivalent higher than that yet recorded for any other tissue extract, 
with the exception of extracts of the spleens of horses and oxen, and of 
the human placenta. Ordinary somatic nerves also contain more activity 
than most tissues (compare Chang and Gaddum’s table). It is possible 
that the acetylcholine-equivalent extracts of tissues such as the sub- 
maxillary glands is all due to activity contained in the nerves; but, if this 
is so, the acetylcholine equivalent of the peripheral parts of nerves must 
be greater than that of the nerve trunks. 

The acetylcholine equivalent of extracts of portions of the central 
nervous system is generally lower than that of peripheral nerves. The 
figures obtained are of the same order as those given by Dikshit [1933] 
for extracts of the brains of cats and rabbits, and his observation that the 
acetylcholine equivalent of extracts of the basal ganglia is higher than 
that of other portions of the central nervous system is confirmed. 
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Summary. 

1, The splanchnic and vagus nerve trunks of a dog appear to con- 

tain a higher concentration of acetylcholine than any other tissues from 
2. When kept at room temperature, alcoholic extracts of tissues 

lose part of their activity as measured on the eserinized leech. Much of 

this lost activity can be regained by treating the extract with tri- 

chloroacetic acid. 


The author’s cordial thanks are due to Prof. Gaddum for many valuable suggestions. 
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THE COURSE OF CARDIAC NERVE FIBRES 
IN THE PULMONARY PLEXUSES. 


By D. T. BARRY. 
(From the Laboratories of Physiology at Cork and the Sorbonne, — 


(Recewed February 1, 1935.) 


THE literature concerning the nerve supply to the heart in mammals fails 
to give precise indications as to the ultimate paths taken by some in- 
hibitor and accelerator filaments, and one finds few references to the 
possibilities of independent branches pursuing courses unconnected with 
the recognized cardiac plexuses. While variations of the points of origin 
from vagus and sympathetic stems are described it does not seem to be 
generally admitted that cardiac fibres may leave the vagus trunk for 
instance as low as the level of the root of the lung. 

The lowest cardiac nerve which seems to have been mentioned in 
anatomical papers is one described by Perman [1924], a twig given to the 
dorsal aspect of the auricle by a communicating branch from right to 
left pulmonary plexus, which will be referred to again. 

A few observations which I have made from anatomical and physio- 
logical standpoints bear on this subject. Fairly clear evidence has been 
obtained of the occasional presence in the thoracic vagus of the dog of 
inhibitor and accelerator branches which reach the heart by other ways 
than by those usually described through the cardiac plexuses, some 
reaching their destinations for instance by the pulmonary plexuses. It 
was during stimulation of the nerve to elicit vascular and intestinal 
effects that the inhibitor action was first seen to be produced at a low 
level. It was on a few occasions evoked even from the peripheral end of 
the trunk which had been severed near the lower border of the pul- 
monary root. The cardio-inhibitor effects of those stimuli were easily 
distinguishable from the vaso-dilator action, which had a longer latent 
period and was unaccompanied by bradycardia. There is a source of 
deception which has to be reckoned with in experiments of this kind, 
namely that strong electrical currents can spread to the heart through the 
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tissues such as the diaphragm and the root of the lung. Although shiclded 
electrodes be employed a leakage of current may take place by connective 
tissue on the portion of nerve excited. In the systematic investigation 
carried out in this research due care has been taken to avoid such a source 


f fallacy. 
ANATOMICAL DATA. 


Three types of cardiac nerve have to be considered, namely, inhibitor, 
efferent branches from the parasympathetic system, accelerator and 
augmentor fibres from the sympathetic system and afferent or sensory 
fibres of the parasympathetic system. Anatomists’ descriptions of the 
nerve supply are not concerned with differences of function and merely 
give the morphological arrangement, the salient features of which may be 
briefly considered. A deep cardiac plexus on the trachea is said to receive 
in most mammals filaments from the vagus at either side, which leave 
the nerve in the neighbourhood of the inferior cervical ganglion. Some 
writers refer to this ganglion as the middle cervical one and regard the 
inferior one as being embedded in the stellate ganglion. In using the 
term vagosympathetic ganglion I mean that enlargement in the lower 
cervical region of the vagus, which receives the ansa from the stellate 
ganglion and which is quite distinct on the vagus trunk of the dog. Fibres 
are also said to be distributed to a plexus in the arch of the aorta but are 
not always ascribed a separate origin. 

Lim [1893] described two or three chief branches coming from the 
level of the vagosympathetic ganglion in the neck and says there are 
several cardiac plexuses, one of which communicates with the pul- 
monary plexuses. Such a communication is also referred to in some 
anatomical text-books. Lim also describes twigs which reach the 
pericardium and run along this to the pulmonary artery. He says that 
there are accelerator fibres which come from the ansa and “fibres having 
other functions”. Lim was the first worker apparently who described 
an independent vagal branch going to the left ventricle across the left 
division of the pulmonary artery. Lomakina [1900] mentions a nerve at 
each side of the pulmonary artery which goes to the corresponding 
ventricle. 

Cannon and his co-workers [1926] have given a description of the 
cardiac nerves in the cat. In their diagram the common cardiac nerve on 
the right side consists of a vagal branch at or below the level of the 
recurrent laryngeal, which is joined by a few strands from the stellate 
ganglion. Below this a couple of twigs from the vagus trunk are shown, 
apparently running to the upper region of the auricle. On the left side too 
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the chief vagal tributary is joined by those from the stellate ganglion. On 
this side a cardiac nerve is described as arising from the recurrent 
laryngeal and pursuing a long and independent course. This nerve is 
closely allied to, if not identical with, that described by Lim in the dog. 
Cannon says that in the cat the right vagus gives off all of its cardiac 
supply below the origin of the recurrent laryngeal. Further, he says that 
the left vagus gives off a very variable cardiac supply near to root of lung. 

Boehm and Nussbaum [1875] observed that the recurrent laryngeal 
nerve generally gave off cardiac branches. Cannon and his co-workers 
failed to get inhibition on exciting the vagus below the common cardiac 
pest PERSONAL OBSERVATIONS. 

In an exhaustive anatomical examination of five dogs I have observed 
scattered cardiac branches arising from the vagosympathetic ganglion, 
from stellate ganglion, from recurrent laryngeal and from ansa, which 
were distributed to the tracheal plexus, to the innominate artery and to 
auricles and ventricles, but usually three main subdivisions were seen on 
each side. Two of these arise on the left side from the vagosympathetic 
ganglion, or above or below it, and may be contained in the sheath of the 
nerve for a varying distance with the recurrent laryngeal nerve from 
which they separate at the level of the convexity of the aortic arch and, 
joined by branches from the stellate ganglion, dip under the innominate 
artery towards the trachea and auricles. These communicate freely with 
corresponding nerves from the other side in a plexus behind the pulmo- 
nary artery. The nerves on the right side pass behind the superior vena 
cava. 

A third branch which divides into two or more leaves the vagus 
nearer the root of the lung and proceeds to the aortic arch in company 
with the recurrent laryngeal nerve. The recurrent laryngeal nerve gives a 
cardiac branch to the pulmonary artery, but the cardiac branch just 
referred to comes off independently from the vagus. Here also are 
received communicating branches from the other side in a plexiform 
arrangement giving numerous twigs to the auricles, aortic root and 
pulmonary vessels. The nerve described by Lim was satisfactorily 
dissected and stimulated in three animals. It seems to be constant. With 
regard to Perman’s nerve, the chief point observed was that a communi- 
cation could always be found between the posterior pulmonary plexuses. 
This was represented in two cases out of five by a branch to the left 
plexus from an oblique connecting bridge between the two vagi which 
leaves the right nerve at the level of the pulmonary root and which is 
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Fig. 1. Diagrammatic sketch of cardiac nerves as seen, in a dog. RV, right vagus; LV, 

left vagus. VS, vagosympathethic ganglia; S, stellate ganglia; RL, recurrent 
laryngeal nerves; LC, lower cardiac nerves (accompanying recurrent laryngeal on the 
left side); UC, upper cardiac nerves; P (on right auricle), Perman’s nerve; LZ (on 
left auricle), Lim’s nerve; CPL, communication to pulmonary plexus; B, connect- 


ing intervagal bridge; LL, left lung; RRL, right lung;,BB, branch from bridge 
(destination uncertain); SC, subclavian arteries. 
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apparently constant in the dog. It is a bridge which passes in front of the 
cesophagus and joins the left vagus well below the pulmonary plexus as it 
forms the csophageal plexus. A separate cardiac filament from the 
pulmonary branch of this bridge was once seen and stimulated with 
negative results (Fig. 1). canees 


EXPERIMENTAL METHOD. 


In order to investigate the functions of the different nerves mentioned 
the following procedure was adopted. After the chest of the chloralosed 
dog was opened under artificial respiration, the internal mammary 
arteries were tied and the left subclavian vein was divided between two 
ligatures. This enables one to force the chest wide open and to obtain a 
clear view of the field of operation. The vagosympathetic ganglion with 
its connections is thus easily cleared. Both pneumogastrics were exposed 
and cut in the neck at the central thyroid level. Their peripheral ends 
were stimulated and the usual typical cardiac effects were observed and 
registered in arterial pressure curves. The secondary current from an 
induction coil was used for stimulation, a 2-volt accumulator being 
employed with the secondary coil at 15 cm. The thoracic vagus was then 
exposed and severed between the upper and lower cardiac branches as 
described, a few centimetres above the root of the lung. The short upper 
end of this thoracic peripheral nerve was placed on a second pair of 
electrodes and stimulated as desired by switch control of the current. 
On the right side section of the vena azygos major between two ligatures 
facilitated dissection. But the vein should be carefully cleaned without 
disturbance of nervous branches to the pulmonary plexuses. Excitation 
of all branches separately was also carried out and the results recorded. 


EXPERIMENTAL RESULTS. 

Stimulation of the thoracic vagus almost invariably gave rise to 
cardiac inhibition of similar degree to that obtained by a given stimulus 
from the cervical vagus. There are therefore two sets of inhibitory nerves 
with an appreciable length of nerve trunk between them and which are 
easily separable. This statement applies especially to the left side. The 
subdivision into upper and lower branches is also seen on the right side 
but the separation is less marked, the gap between the two sets being less 
extensive. The position of the aortic arch with the recurrent laryngeal 
nerve on the left side probably accounts to some extent for this difference. 

The different cardiac branches were next cut away from the trunk 
and excited one by one. Usually a purely accelerator filament was found 
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in each group and in some strands of fibres excitation set up a conflict of 
acceleration and inhibition. As remarked by Samaan [1934] stimulation 
of both types of nerve fibre simultaneously results in inhibition, but it is 
not uncommon to get acceleration first. Relative depth of fibres in a 
common bundle is an important factor in the result. Several twigs were 
strongly stimulated without producing the smallest change of rhythm. 
There are apparently separate afferent nerve bundles, from the auricles or 
the roots of the great vessels, but no certain anatomical details about 
them can be given. Stimulation of some fibres on the left side caused 
well-marked disturbance of the beat of the left auricle, a sort of flutter 
without producing any alteration of the general rhythm. This was once 
clearly observed on stimulating Lim’s nerve, which sends a twig to the 
left auricle on its way to the ventricle. 

On two other occasions excitation of this nerve caused inhibition. 
For instance in an animal whose right vagus had been severed in the neck 
5 weeks previously, in a different category of experiments, there was 
found on the left side a cardiac nerve which left the vagus trunk a few 
millimetres below the vagosympathetic ganglion. It was cleaned and 
followed across the left pulmonary root to the ventricle of that side, and 
a distinct twig to the left auricle was seen from it. Pronounced inhibition 
resulted from stimulation of this nerve. The protocols of two experiments 
in this series are given in Table I. 

Another and more important feature of the cardiac supply, as 
revealed in these experiments, is the occasional presence of fibres from 

vagus to heart which can be demonstrated after all cardiac branches are 
severed above the root of the lung. The nerve trunk must be well cleaned 
and held apart from the tissues through which spread of current may take 
place. In the earlier experiments of the present series the possibility of 
this spread of current was not fully appreciated and it seemed as if 
cardio-inhibitor fibres in the pulmonary vagus existed in a large pro- — 
portion of cases. The cut cardiac branches lie close to the point of stimu- 
lation and their ends can be influenced by a current applied near them. 

Subsequently the nerve was better isolated, and no doubt was felt 
that the slowing of the heart produced by stimulation was due to 
nervous impulses conveyed along the pulmonary branehes of the nerve. 
This result was obtained in four experiments on the left side. 

Reference has already been made to communications between 
cardiac nerves or plexuses and the pulmonary innervation. This may 
mean that impulses can pass from cardiac plexus to pulmonary vessels 

and heart through the pulmonary plexus, but we are dealing rather with 
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Taste I, 
Date Animal Condition Stimulation Result 
Nov. 5, No.8,6K  Vagi-cut below vago- Left thoracic 
1934 sympathetic vagus 
Vagal connections cut Di 
| down to lung root | inhibition 
(left) 
Upper branches of the Nil 
posterior pulmonary 
plexus cut 
No branches cut below Right thoracic Distinct 
, seat of section (right) vagus inhibition 
ee ” All branches cut to rT) Slight 
lung root (right) acce 
Nov. 19,  No,12,8K  Vagi cut below vago- Left thoracic Inhibition 
1934 sympathetic ganglia vagus 
Left recurrent laryn- Nil, 
geal nerve cut acceleration ? 
All vagal connections Right thoracic _ Distinct 
cut to lung root vagus inhibition 
(right) | 
; All branches to ” ” 
” 
plexus cut 
99 mmunicating ” Nil 
to left pulmonary 
plexus cut 


direct filaments from the vagus trunk to the pulmonary vessels and heart. 
Some close connections are said to exist between superficial cardiac and 
anterior pulmonary plexuses, and one must envisage the possibility of 
conduction from the latter to the former. The main point, however, is to 
establish the pulmonary plexus as a path of cardiac impulses, whether 
direct or indirect. 

Holding the lung gently forward over the heart, so as not to interfere 
with the function of either viscus, one exposes the posterior pulmonary 
plexus, The vagal branches to this are five or six in number; one stout 
central strand is seen with two or three smaller ones above and as many 
below it. Section of these roots was carried out one by one, and the 
thoracic trunk of the vagus was stimulated after each cut. In two 
experiments on the left side inhibition ceased when the large branch was — 
severed, in two others it was suppressed only when the lowest strands were 
divided. These four results are alone counted as positive on the left side 
out of fifteen experiments. On the right side three out of fifteen were 
clearly positive. Other tests were apparently positive on each side, but 
because due attention was not paid to the prevention of spread of current 
through indifferent tissue they are not counted. 
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On the right side it was at first thought that no cardiac-inhibitor 
fibres passed through the pulmonary plexus, but possibly the ligature of 
the vena azygos upset some connection with this root. Inhibitor fibres 
were clearly demonstrated later in the right posterior plexus. In one 
experiment a branch was isolated on this side which took origin from the 
vagus with the pulmonary twigs and passed across the esophagus to the 
left pulmonary plexus, giving a twig to the wall of the descending aorta. 
Stimulation of this branch, cut away from the right vagus, caused 
strong inhibition until its connection with the left plexus was severed. 
This branch took origin almost in common with the intervagal cross-piece 
already described, but no filament to the auricle like that mentioned by 
Perman as shown in Fig. 1 could be found from it. Such a filament 
is very difficult to follow up in pericardial tissue and easily escapes 
observation. 

_ Cardio-accelerator effects were also obtained from stimulation of the 

thoracic vagi below the origin of the recognized cardiac nerves. Accel- 
erator fibres have been previously demonstrated in the cervical vagus by 
Jung, Tagard and Pierre [1934] and have been said to arise in the 
superior cervical ganglion of the sympathetic or to leave the brain centres 
in the vagus root. Whatever be their origin, some accelerator fibres pass 
through the pulmonary root to the heart. Cannon and his co-workers 
found that accessory sympathetic fibres from the thoracic ganglia were 
supplied to the heart independently of the orthodox supply. There seems 
to be no suggestion that these might reach their destination through the 
pulmonary plexus. But our present accelerator effects must be inde- 
pendent of the lower thoracic ganglia. 

Although the cardio-inhibitor branches of the vagus are arranged in 
two main groups, upper and lower, which are more easily separated on 
the left than on the right side, there are other independent filaments 
which exhibit no definite anatomical arrangement. It has happened that 
excitation of one such twig, arising separately from the right vago- 
sympathetic ganglion, caused inhibition while stimulation of its _— 
homologue on the left side evoked acceleration. * 


SUMMARY AND CONCLUSIONS. 


The cardio-inhibitor branches of the vagus nerve in the dog are saeaity 
separable into upper and lower groups, the former coming off from the 
vagosympathetic ganglion or above it, and the latter from a point a little 
above the root of the lung and below the recurrent laryngeal nerve. This 
subdivision is better marked on the left side. | 
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Cardio-inhibitor filaments can sometimes be demonstrated in the 
branches of the vagus to the pulmonary plexuses on both sides. Accel- 
erator effects may also be produced by stimulation of fibres which pass 
through these plexuses. 


I must express my very sincere thanks to Professor Walmsley of Belfast, who has 
given me much important information concerning anatomical publications. 


REFERENCES. 


Boehm, R. and Nussbaum, H. (1875), Arch. exp. Path. Pharmak. 4, 255. 
Cannon, W. B., Lewis, J. T. and Britton, 8. W. (1926). Amer. J. Physiol. 77, 326, 
Jung, J., Tagand, R. and Pierre, L. (1934). C. R. Soc. Biol., Paris, 117, 441. 

Lim, B. K. (1893). J. Physiol. 14, 467. 

Lomakina (1900). Quoted by Perman, E. (1924). 

Perman, E. (1924). Z. f. Anat. und Entw. 71, 382. 

Samaan, A. (1934). C. R. Soc. Biol., Paris, 116, 348. 


18 


7 
4a 
Bir, 
< 
|| 
PH. LXXXIV. 
» 
» 
2 z 


272 


THE EFFECT OF VITAMIN D ON THE CALCIUM 
CONTENT OF THE DENTINE. 


By E. WILFRED FISH. 
(From the Hale Research Laboratory, Royal Dental Hospital, London.) 


(Received February 6, 1935.) 


INTRODUCTION. 


Ir has been recognized for many years that rickets and the acute exanthe- 
mata in infancy may cause severe hypoplasia of the dental enamel 
[Bunon, 1746]. More recently Mellanby [1929] has shown that this 
condition and also hypoplasia of the dentine can be produced in laboratory 
dogs by depriving the animals of vitamin D and inducing experimental © 
rickets at the time when the enamel is being laid down. 

There is no experimental evidence that any effect is produced on , 
either dentine or enamel, once it is formed, by exhibiting or withholding 
vitamin D, but it is claimed (McBeath, 1932; Mellanby, 1934] that 
the exhibition of therapeutic doses of the vitamin will both prevent and 
arrest dental caries. This conclusion is based on a series of controlled 
clinical experiments, but does not coincide with general clinical experience. 

Apart from the fact that formed human enamel is practically outside 
the pale of nutrition, it has also been shown that dentine when exposed 
by caries is entirely shut off from the tissue fluids by calcific scar tissue 
[Tomes, 1848; Fish, 1932]. 

It would therefore appear theoretically that, once the teeth are 
formed, the incidence and progress of caries cannot be affected by any 
factor influencing the tissue fluids of the pulp and dentine. 

The suggestion that the exhibition * vitamin D can do so appears to 
rest on two assumptions: 

(i) That the exhibition of the vitamin will increase the calcium content 
of the dentine. 

(ii) That an increased calcium content of eee dentine will prevent or 
arrest caries. : 
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There is no experimental evidence that either of these assumptions 
is correct, indeed it has been found impossible to affect the calcium 
content of the dentine in any way whatever. There is a slight physio- 
logical increase in the calcium content during adolescence, but negative 
results have followed attempts to affect it by deprivation of calcium 
during pregnancy in dogs, parathyroidectomy in cats, or, in the other 
direction, by giving massive doses of vitamin D and calcium carbonate 
to dogs. Even in disease, when the calcium metabolism was profoundly — 
disturbed, in certain dogs which became available, although the bones 
were pliable and radiolucent the calcium content of the dentine remained 
absolutely unaltered [Fish, 1932]. 

Since it has been found impossible to affect the calcium content of 
the dentine in any way, it is impossible to say whether the second assump- 
tion, that a higher calcium content would prevent caries, is correct or 
not, but it may be significant that the dog which has a calcium content 
several p.c. lower than that of man is absolutely immune to dental 
caries. 

The present report records a further unsuccessful attempt to alter the 
calcium content of the dentine by giving heavy doses of vitamin D and 
- calcium over a longer period than in the previous experiment. _ 


| METHOD. 

Two teeth were excised from each animal at the beginning of the 
feeding experiment, and the two symmetrically opposite teeth were 
removed at the end. A specimen of the dentine was prepared from each 
tooth and analysed. Each specimen was freed mechanically from pulp 
tissue and from enamel and cementum and was prepared ‘from the 
cervical part of the tooth. The specimen thus consisted of ms central 
mass of the dentine and did not include the odontogenetic 

The pieces were dried at 105° C. for 18 hours, when it was ot that 
the weight remained constant since further drying for 3 days bad no 
effect on it. This dry weight was therefore taken as a basis for calculation 
and the calcium content was expressed as the proportion of calcium 
oxide to this weight. The specimen was next incinerated, and the total 
calcium content estimated by dissolving the ash in phosphoric acid, 
precipitating with oxalic acid and ammonia, redissolving the precipitate 
in sulphuric acid and titrating with potassium permanganate. 

The accuracy of the method was tested by cutting three specimens in 
halves and analysing each half separately. The results agreed to within 
+0-02 p.c. 
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_ As a biological control two dogs are quoted from a previous experi- 
ment. Two teeth were excised, and the dogs were kept on a normal diet 
of meat and biscuits for 7 weeks when they were killed and the two 
corresponding teeth were removed. One of these dogs was young, and 
the dentine was still being deposited on the pulp surface so that the 
recent deposit had to be removed from the later specimen before analysis. 
This is very important in every case with young animals, since it is 
desired to detect any change in the calcium content of the dentine which 
had already been deposited at the beginning of the experiment, and not 
merely to compare it with more recently formed dentine. The amount 
which must be cut away can easily be determined by comparing the size 
of the pulp chamber with that of the corresponding tooth extracted before 
the experiment began. The second dog was mature, and no appreciable 
amount of dentine had been added. 

Certain organs were removed, post-mortem, sectioned and stained 
with hemotoxylin and eosin and with hemotoxylin and van Gieson. 
These included the thyroid and parathyroid glands, kidney, spleen, lung 
and ventricle of the heart, and a specimen of both jaw bone and long bone. 
Skiagrams of the head, limbs and lower jaw of each animal were taken 
under standardized conditions both before the experiment and after 
death. 

Blood calcium estimations were made from time to time during the 
experiment. 

the experimental farm at Mill Hill and had lived and fed together. None 
of them had suffered from any apparent disease and the kennel history 
of each is available. One dog, DEL/4, was smaller than the other two 
and of somewhat different type. It happened to show extremely severe 
- hypoplasia of the enamel, especially of the canines of the type usually 
associated in man with rickets or the acute exanthemata in infancy. This 
dog, however, had always been healthy, had a normal diet and had not 
had rickets or distemper. 

The basic diet of raw meat, hounds’ meal and water on which they 
had always been fed was continued, but certain additions were made to 
the diet of each dog. 

 DEL/2 received an addition of 4 g. of calcium carbonate for 60 days, 
followed by a normal diet for 38 days, then an addition of 4g. of calcium 
carbonate and 50,000 units of vitamin D per day for 34 days. The vitamin 
was administered in the form of a solution of calciferol in arachis oil in a 
gelatin 


‘ 
= 
ite. 
4 
4 
ae 


3 DENTINE CALCIUM AND VITAMIN D. 275 


_ At the end of the experiment the dog was refusing food and mang 
condition ; it was therefore killed. The blood calcium was: 


At the beginning of the experiment 11-1 mg./100 c.c. of serum 


On the 19th day 12-4 9 
On the 60th day 12:3 ” ” 
At death Not available’. 


DEL/3 received an addition of 4 g. of calcium carbonate and 50,000 
units of vitamin D per day for 25 days, then 4 g. of calcium carbonate 
and 75,000 units of vitamin D for 35 days, normal diet for 38 days, and 
finally 4 g. of calcium carbonate and 50,000 units of vitamin D for 
34 days. 

On the 60th day this dog was drinking prodigiously, refusing food 
and became comatose, but entirely recovered in about a week on normal 
diet. At the end of the experiment (135 days) it was again refusing food 
and losing condition and was killed. The blood calcium was: 


At the beginning of the experiment 11-8 mg./100 c.c. of serum 


On the 19th day 13-9 ” 9 
On the 60th day 19-6 
At death | Not available}. 


DEL/4 received an addition of 4 g. of calcium carbonate and 
50,000 units of vitamin D per day for 60 days; it was then drinking 
continuously, refusing food and becoming comatose. The calcium car- 
bonate and the vitamin were discontinued, and the dog recovered some- 
what but relapsed and had to be killed on the 65th day. At the post- 
mortem there were marked hemorrhages of the intestine. The blood 
calcium was: 


At the beginning of the experiment 11-1 mg./100 c.c. of serum 
On the 19th day 15-2 ” ” 
On the 60th day (killed 65th day) 21-1 9 9 


RESULT. 


It was found that these heavy doses of vitamin D almost doubled the 
normal calcium content of the blood; the slight rise in the case of DEL/2 
when on calcium carbonate alone may not be significant. 


1 Previous experience would suggest that from the clinical symptoms the blood calcium 
must have been of the order of 20 mg./100c.c. of serum. 
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The skiagrams showed a very marked increase in the opacity of 
the bones to X-rays, but no apparent change in the opacity of the teeth. 

There was no histological change or abnormal deposition of calcium 
observed in any of the tissues examined, with the possible exception of 
bone. There appeared to be some increased deposition of calcium salts, as 
indicated by staining reactions, in some new bone which was forming, 
especially at the points of attachment of muscles and ligaments. | 

The analyses showed that there was no significant change in the 
calcium content of the dentine. The results may be tabulated: 


Taste I. 
: Calcium oxide percentages a 
of rs Before After Difference difference 
DEL/2 [4 33-46 4| 33-97 +051 cous 
[3 32-54 3| 31-67 ~ 087 
DEL/3 |4 33°59 4| 34-16 +057 
[3 32-74 3| 32-94 +0:20 
DEL/4 [4 34-62 4| 34-34 ~ 0-28 a 
[3 33-31 3] 33-84 +0°53 
Young 4] 34-48 4] 35-17 +069 wer 
(control) 3| 3289 33-68 | 
Mature 7) 33-85 34-065 
(control) 3] 31-69 [3 31-54 -0-15 
Discussion. 


The difference in the calcium content of the dentine of the teeth 
excised before and after the experiment falls well within the normal range 
of individual tooth variation. 

In this respect the results correspond with those of the earlier experi- 
ments in which two dogs on toxic doses of calciferol ranging from 
50,000 to 400,000 units a day for 6 weeks showed an average difference 
of — 0-96 p.c. of calcium oxide after the experiment. In these cases the 
blood calcium rose to 22-5 and 22-3 mg./100 c.c. of serum respectively. 

Two other animals investigated at that time were put on therapeutic 
doses of calciferol (2000 units a day) for 7 weeks. One of them showed an 
average difference of —0-3 p.c. and the other an average difference of 
+ 0-63 p.c. of calcium oxide in the dentine of the teeth removed before 
and after the experiment. | 

Taking the ten pairs of teeth extracted from the five dogs on very 
high doses of vitamin D together, there was an average difference of 
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—0-32 p.c. of calcium oxide in the teeth excised before and after the 
experiments, . 

It is therefore reasonable to assume that high doses of vitamin D and 
calcium carbonate do not affect the calcium content of the dentine. At 
the same time the increase in opacity of the bones to X-rays, in con- 
junction with their histological appearance and the high blood calcium, 
suggests that there was a considerable deposition of calcium salts in such 
tissues as were able to avail themselves of it. | 

The dentine, unlike bone, consists almost entirely of matrix and has 
no cells in it except for the fibrillar processes of the odontoblasts. It 
would also appear from this and earlier investigations [Fish, 1932] 
that, unlike bone, dentine is devoid of any mechanism by which calcium 
salts can be deposited in it or withdrawn from it to any appreciable 
extent. 

When calcium salts are deposited in the dentine in the form of a 
translucent zone in response to local injury, they occupy the lumen of the 
tubules and block them up; they are not incorporated in the matrix. 
Similarly the slight increase in calcium content observed in human teeth 
in the first few years after eruption is associated with an anatomical 
reduction in the diameter of the tubules. _ “s 

It would therefore appear that, in the only two conditions under 
which any increase in the calcium content of dentine has been observed, 
it is due to new deposits in the tubules and not to an increase in the 
calcium content of the collagen matrix already present. 


SuMMARY. 


1. It has been reported that therapeutic doses of vitamin D have 
brought about prevention and arrest of dental caries. There is no experi- 
mental evidence, however, that the exhibition of the vitamin produces 
any effect on formed dentine or enamel. Earlier attempts to modify 
the calcium content of the dentine have failed. 

2. Continuing these earlier experiments three dogs were given maxi- — 
mal doses of vitamin D together with calcium carbonate over extended 
periods. 

$. Analyses of the dentine showed no change in its calcium content. 
Skiagrams of the bones showed an increase in their opacity to X-rays, 
and histologically there appeared to be new deposits of highly calcified 
bone matrix, but there were no apparent changes in the other tissues 
examined, The blood calcium was markedly increased. | | 
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SOME IMMEDIATE PHYSIOLOGICAL EFFECTS 
OF REDUCED COOLING POWERS , 
ON HUMAN SUBJECTS. 


By D. H. K. LEE? anp A. G. MULDER?. 
(From the Department of Physiology, University College, London.) — 
(Received February 19, 1935.) 


Durine the past thirty years a large number of observations have been 
made upon the effect of heat on the human body. A summary of these 
up to the year 1927 is given by Bazett [1927]. The great majority of 
these have been either acute experiments under very severe conditions, 
or observations upon the work capacity of man under more moderate 
conditions. Very few investigations seem to have been made upon the 
resting subject under conditions prevailing in tropical zones, yet it is 
only by such observations that one can separate the effects of heat from 
those of the numerous other disturbing factors also occurring in tropical 
zones. Only by such experiments also can one delimit the “immediate 
effects” of these environments and thus be in a position to distinguish 
between the phenomena of the “period of adaptation” and those of the 
fully “‘acclimatized state”’. 
| PROCEDURE. 

Our experiments fall into two series: A—routine observations on the 
same subjects when placed successively in the normal room, hot dry 
room and hot wet room; and B—subsidiary experiments in the hot dry 
room only. The observations made also embraced certain aspects of 
water metabolism, which will appear elsewhere. 


Series A. 

The subjects were required to attend on three occasions at fortnightly 
intervals at 9.0 a.m., having had no food or drink for 12 hours. Their life 
for the preceding 24 hours was required to be retired and free from 
At the first attendance each subject was observed lightly 
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clad in a room at normal temperature, at the second for 1 hour lightly 
clad in a normal environment, and then for 6 hours naked in a hot dry 
room (D.B. 110° F., w.B. 90° F. =“‘effective temperature” of 95°), at the 
third for a similar preliminary period followed by 6 hours naked in a hot 
wet room (D.B. 97° F., w.B. 92°F. =“‘effective temperature” of 93°)!. The 
excellent air-conditioning room of the Laboratory of Industrial Physio- 
logy in the London School of Hygiene and Tropical Medicine was used 
for the hot room experiments, whereby the conditions rarely fluctuated 
more than 1° of “effective temperature”. Seven volunteers were 
_ originally accepted. Their ages ranged from nineteen to twenty-nine, their 
body weights from 54-70 kg.; six of them were male students in the final 
Honours class for B.Sc. in Physiology. No. 1 was unable to withstand the 
hot conditions and was rejected. No. 2 collapsed during the third hour 
in the hot dry, but withstood the hot wet conditions. No. 6 was unable 
to attend the hot wet experiment. No. 7 was one of the authors, upon 
whom, for technical reasons, fewer observations were made. | 

The subject remained sitting on a stool throughout each experiment, 


except for 10 min. each hour in the hot rooms when he was required to 


wash himself down and weigh. During the fourth hour he consumed a 
standard meal of four dry “cracker” biscuits, 1 oz. butter and two boiled 
eggs (without salt). During the sixth hour he drank 1 litre water at body 
temperature. No other food or drink was permitted. Smoking was 
prohibited. Reading (when desired) was allowed. 

The following observations (amongst others) were made and samples 
taken: 

Hourly. Pulse rate, respiration rate, mouth and rectal temperatures, 
urinary volume and samples for titratable acidity and ammonia content, 
symptoms, wet and dry bulb temperatures, kata-thermometer readings. 

Periodically. Vein blood from forearm with minimal stasis for [CO,] 
and lactic acid content. During the half-hour immediately preceding 
“~~ into the hot room a complete series of observations was always 

Series B. 

Two subjects (nos. 8 and 9) were employed. (No. 8 was an experienced 
physiologist, no. 9 was no. 3 in series A.) The requirements for attend- 
ance were the same. The conditions of the experiment varied only in that 
the subject reclined on a couch throughout except when required for 
blood samples and weighing, and that butter was omitted from the meal. 


* These conditions are slightly more severe than those occurring in tropical zones in 
order to compensate for the naked state of our subjects. _ 
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The following observations were made and samples taken: 
- Hourly. Pulse rate, respiration rate. 
| Periodically. Alveolar air, ventilation siberne: vein blood from fore- 
~grm for [CO,], oxygen desaturation, and alkali reserve. (The last two 
items were determined only upon no. 9.) 


METHODS AND RESULTS. 
Pulse rate. 


Individual pulse rates as measured by the rags themselves are . 
shown in Figs. 1 a, b. 


Pulse rate Pulse rate 


Fig. la. Hot dry Fig. 1b. Hot wet 


Food Water 
7 
Hours of exposure 

Fig. 1. Throughout the series of graphs individual results are indicated unless otherwise 
stated. The one individual is indicated throughout by the same type of line; the 
number of the individual is given in each case. No. 7 partook of food and water 
relatively sooner than the remaining subjects; the times are indicated by arrows on 
curve 7 in each case. The times for the remaining subjects are indicated at the foot 

of the graph. 
The atmospheric conditions are—Hot dry: p.B. 110° F., w.s. 90° F.; 8.n. 44 p.c.; air 
movement, 100 ft. per min.; effective temp. 95°F. Hot wet: p.B. 97° F., w.B.92° F.; B.H. 
90 p.c.; air movement, 100 ft. per min.; effective temp. 93° F. Normal: p.z. 61-66° F., 
w.B, 56-63° F.; 8.H. 90 p.c.; air movement, 30 ft. per min.; effective temp. 58-64° F. 


In the hot dry room there is a marked rise of pulse rate which takes 
several hours to reach a maximum. This rise is not uniform, but shows a 
tendency to form a plateau after 3 hours and later to commence a second 
rise, This tendency to inflection coincides with the consumption of food. 
The last period shows a fall in the rates coincident with the taking of 
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. Fig. 2b. Hot wet 
Mouth temperature 
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water. It is not clear whether or when a plateau would have been reached 
had water been withheld. 

In the hot wet room the average maximum reached is lower and there 
is little inflection of the curve in the mid-period. The terminal fall is again 
present. The time relations are as in the hot room. 


Mouth and rectal temperatures. 


_ These were obtained by clinical thermometers with the usual pre- 
cautions. Individual temperatures appear in Figs. 2a, 6 (oral), and 
Figs. 3 a, 6 (rectal). 

In the normal room the rectal temperatures were only slightly higher 
than the oral. Neither showed any marked diurnal variation. 

In the hot dry room both mouth and rectal temperatures rise in a 
manner closely resembling the pulse rates, The rectal temperatures rise 
proportionately more than the oral, and show greater correspondence 
between individuals over the first 4 hours. 

In the hot wet room the average maximum reached is lower. There is 
here more parallelism between the oral and rectal curves. 


Respiration rate. 

Individual and smoothed average rates, as determined by the sub- 
jects themselves, appéar in Figs. 4a, 6, c, d. The rates in the control 
room maintain a steady level. The individual and average rates in both 
hot rooms show some tendency to rise in the earlier portion of the 
experiment, but remain more steady later. The individual rates fluctuate 
so much, however, that the significance of this rise is doubtful, particularly 


in the hot dry room. Golume. 


This was measured immediately before the alveolar air collections 
in series B by passage of the expired air through a dry meter. The 
figures appear in Table I. The volume increases but slightly in the earlier 
part of each experiment, and more markedly later. ee 

Tastz I. Ventilation volume and alveolar air CO, percentage in hot dry room. 


Subject 8 Subject 9 
Time Litres/min. CO, p.c. ‘Time Litres/min. CO, p.c. 
*10.27 6-63 5-25 10.11 4-97 5-85 
7-29 5-29 5-67 5-87 
( 
400 12:89 4:97 3.30 5-46 5-45 
(w) 
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Fig. 4a. “‘ Normal” temperature Fig. 46. Hot dry 
24 Respiratory rate 24). Respiratory rate 
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In Fig. 4d, 4.0. = Hot dry, =Hot wet, C=“Normal” temperature. 


Urinary acid excretion. 


_ The titratable acidity was determined by Henderson and Palmer's 
. method of titration with 0-1 N alkali to a pH of 7-4, using phenol red as 
indicator [Petersand van Slyke, 1932]. The NH, content was measured 
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titration. 


The rates of total acid excretion (1.¢. titratable acidity plus — in 


c.c. of 0-1 N/hbr., are shown in Figs. 5a, 5, c. 


c.c. of 0-1 N per hour 
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In the normal room there are pronounced diurnal variations, the time 
relations of which are not constant, but of which the general trend is 
apparent, There is an early fall in total acid excretion followed by a 
pronounced wave of increased excretion. The exceptional individual is 
an early riser. 

In the hot dry room the preliminary fall occurs, but there is only 
very slight subsequent rise at the conclusion of the experiment. In the 
hot wet experiments the initial (control) level is lower for some reason, 
so that the preliminary fall is eliminated. The subsequent rise is more 
apparent but still late. 

The acid excretion in the hot rooms is is definitely less than in the normal 
environment, at least during the middle portion of the day. , 


Vein blood lactate. 


This was determined by the method of Friedemann, Cotonio and 
Shaffer [1927] on samples of 2 c.c. deproteinized by trichloroacetic and 
freed from sugar by copper and lime. The results are given in Figs. 6 a, 
b,c. In all three atmospheres the lactate content of vein blood fluctuates 
about a steady level without displaying any definite trend. The average 
level in the heat experiments is slightly higher than in the control 
experiments. This is almost certainly due to the fact that immediately 
prior to the control experiments the subjects had been lying down for 
1 hour for other purposes. This latter procedure reduces the blood lactate 
to a basal level, as is shown by the early fall in the control figure. 


[CO,] of forearm vein blood. 

This was determined by the manometric method of van Slyke and 
Neil [1924]. The blood was collected in a 20 c.c. syringe and expelled 
under paraffin into a tube containing a little potassium oxalate and 

Taste II, (CO,] of blood from median cubital vein, in o.c./100 .c. 


Hot wet 
Control experiment Hot dry experiment 
Time Subject Subject Subject 
9.30% 64-2 713 50} 710 67-1 59-1 67-2 624 683 658-4 61-7 71-4 623 
1.0 at 66-3 59-2 52:6 63:8 50:2 — 6540 61-7 61-9 50-6 
3.0 682 76:5 66-6 67-7 62:2 51:2 624 — 646 518 — 61-7 49-9 
681 720 628 — 639 476 — 479 532 408 O48 — 45-7 


* The first measurement in in the heat experiments was made in the normal (contro!) 
room. (f) Food, (w) Water taken in this interval. 
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sodium fluoride, stirred without exposure to air and placed in ice until 
analysis, ‘which was done as soon as possible. The results appear in 
Table II. In the control room the outside variation from the initial 
value on any one subject is 5-2 c.c./100 c.c. and varies in direction. It 


is generally less than this. In both hot rooms the variation ranges from — 


3-2 to 14 c.c./100 c.c., and is always in the direction of a fall from the 
initial value. The fall is well marked over the first period; subsequent 
values may be somewhat higher, equal to, or lower than this. —__ 


“ Alkali reserve” of forearm vein blood. 

Blood collected in a syringe from the vein was expelled under 
paraffin in a dry tube and allowed to clot. The serum was separated, 
equilibrated with alveolar air, and analysed for [CO,] by the manometric 
method of van Slyke and Neil [1924]. The results appear in Table III. 


Tastez III. [CO,] and “alkali reserve” of blood from median cubital 
vein in subject 9, in c.c. per 100 c.c. 


Time 10(f) 3.0 (w) 4.30 
[CO,]} 58-4 54-0 51-8 49-8 
“ Alkali reserve” 71-7 74-9 69-7 69-0 
“ Alkali reserve” (control) 72-0 70-2 71-8 


(f) Food, (w) Water taken in this interval. 


The control-room readings were taken while the subject continued to 
lie down in the same bed as he had occupied since 10.30 the previous 
night. These show a definite diurnal variation in the shape of an early 
fall with a later rise. The hot room readings show just the reverse. 


[CO,] of alveolar air. 

Alveolar air was obtained each time by the collection of six fractional 
samples of equal volume into a Hempel’s burette, three after normal 
inspirations, three after normal expirations. The mixed samples were 
analysed with the Haldane apparatus. The percentages of CO, appear in 
Table I. The CO, content remains constant over the first 3 hours, but 
later falls somewhat, in conformity with the now increased ventilation 


volume. | 
Symptoms. | 
Hot dry room. At entry a feeling of intense heat is experienced, which 
rapidly subsides and is replaced by a sensation of comfortable warmth. 


This feeling continues for the ensuing 2-3 hours, after which a sense of 
lassitude, vague discomfort, fulness of the head, and a tendency to mental 
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irritability appear. It is difficult to assess the part played in the pro- 
duction of these symptoms by the unaccustomed fasting. The con- 
sumption of the standard meal is nearly always followed by a definite 
exaggeration of these symptoms, to which is now added marked thirst. — 
The feeling described as “fulness of the head” is the outstanding 
symptom. The observation of increased pulse rate by the subject tends 
sometimes to alarm him, but true palpitation is not felt. Light reading is 
readily indulged in during the forenoon, but loses its appeal after lunch. 
The shadow of approaching final examinations cannot induce the sub- 
jects to study, even in the early part of the experiment. At the same — 
time, the conditions appear more endurable if the subject has something 
to occupy his mind. The taking of water affords a marked relief from the 
more pressing symptoms but does not entirely abolish them, especially 
headache, if this is present. A “chilly” feeling readily develops on 
leaving the hot room. A shower bath, good towelling and dressing 
restore a feeling of fitness, even in cases of complete collapse. No undue 
lassitude is experienced during the ensuing evening, but thirst persists in 
spite of copious draughts. 

No. 1 subject collapsed during the first hour while a finger-blood 


- sample was being collected. He also collapsed once in the normal room 


when vein blood was being collected. No. 2 collapsed at the third hour 
while vein blood was being collected. No. 3 suffered from feelings of 
faintness upon standing late in the afternoon. No. 6, who exhibited the 
highest temperature rise, felt quite fit throughout. 

Hot wet room. The initial feeling was much less intense although the 
humidity was distinctly felt. The subsequent symptoms were much — 
milder than in the hot dry room. 

The difference in effective temperatures would hardly lead one to 
expect this difference. Thirst was much less marked. No. 3 again 
experienced the same symptoms of faintness on standing. 

General. One of the authors who was in the hot room throughout 
each experiment (4 days a week for 4 weeks) experienced some headache 
and nausea on the last 2 days. The reason for this is not clear. Care was 
taken to replace in the diet the daily chloride loss. This observer also 
experiences at times a distinct sinus arrhythmia. This was equally if not 
more noticeable when the pulse rate had risen to 120 while at rest in the 
hot room. 
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Discussion. 


average pulse rate and temperature curves display very much the same 
form and time relations, the pulse-rate curve being somewhat inter- 
mediate in type between the two temperature curves. 

As between the hot dry and hot wet rooms, the corresponding average 
curves exhibit the same trend and level up to the point of food intake. 
Thereafter, those for the hot dry room rise more abruptly than those for 
the hot wet. The main difference between the two environments is in the 
height of the after-feeding maximum. The close agreement in both curves 
between the two rooms in the earlier part of the day is in agreement 
with Houghten and Yagloglou’s [1924] “effective temperature” 
scheme, although our subjects appreciated a difference between the two 
environments. (The difference of effective temperature between the two 
environments would not appear to be significant in these particular 
reactions.) The coincidence of the inflection point in the hot dry room 
with feeding suggests that the effect of this procedure is different in the 
two environments. In both cases blood is probably diverted from the 
skin as @ heat-eliminating organ. Even though the diversion were the 
same in the two cases, the effect would be much more pronounced in the 
hot dry room, where the skin has to eliminate not only the body heat but 
also the heat received from its high-temperature surroundings, by the 
single process of evaporation. (We found the cutaneous evaporation in the 
hot dry room to be nearly double that in the hot wet room, although 
evaporation is the sole means of heat loss in both cases.) This diversion 
might lead, therefore, to a more abrupt rise of body temperature in a 
hot dry than in a hot wet environment. Furthermore, Grollman [1932] 
has shown that the consumption of a heavy meal gives rise to a rise of 
pulse rate, and attributes this to an alimentary reflex followed by the 
effects of a demand for increased alimentary blood flow. While the meal 
given to our subjects would not normally be considered “heavy”, under 
the conditions of the experiment it appeared far from a “‘light”’ one to 
our = particularly in the hot dry room, in which thirst is so 


When considered for one individual in a given environment, the pulse 
rate and temperature curves do not show a close agreement. In the hot 
dry room no, 2 shows a similar rapid rise in all three curves up to the 
time of collapse, no. 6 shows a similar high pulse and temperature curves 
until water is taken, when the pulse falls independently of the tem- 


Pulse rate and “body” temperature. In a given environment the 
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perature. No. 4 shows a high pulse with moderate rectal and relatively 
low oral temperature curves. The rectal temperatures, in general, agree 
with each other and with the pulse rate, better than do mouth tem- 
peratures. This is not quite in accordance with McConnell and 
Houghten’s [1923] findings. In the hot wet room there seems to be 
little agreement between individual curves. 

The lower values for mouth as compared with rectal temperatures in 
the hot dry room are probably due to evaporation from the buccal 
cavity. 

The rise of pulse rate compared with the corresponding rise in body 
temperature shows a very rapid rate of increase with an extraordinarily 
high value of Q,9, should one seek to regard the changes in this light. This, 
however, would have little meaning in view of the complexity of the — 
factors involved. The average rate of rise of pulse rate with body tem- 
perature is the same in both environments. After the taking of water 
at body temperature the temperature often falls more rapidly than the 
pulse rate. 

Respiratory system. Our sivaidonen show clearly that, under the 
conditions adopted by us, there is very little increase in respiration rate, 
that the respiration volume increases very slowly at first and more 
rapidly later, and that the alveolar CO, tension is maintained for the 
first 3 hours and falls very slowly later in the day. At first sight these 
results conflict with the findings of other observers, but consideration 
shows that the conditions set up by these workers were different in that 
they either raised body temperature very quickly with hot air [Bazett, 
1924], or immersed the subjects in hot baths [Hill and Flack, 1909; 
Landis e¢ al. 1926]. In the latter case, certainly, and in the former, 
probably, there were powerful stimuli from the skin. Psychological — 
factors are also very liable to complicate the issue under these circum- 
stances. 

These conditions are by no means similar to those naturally occurring 
and render the results non-comparable. This variability of respiratory 
response to different hot environments, which has been mentioned by 
Bazett [1924], Graham and Poulton [1912] and Cajori e al. [1923], 
calls for special notice, in that over-ventilation disturbs the acid-base 
balance and superimposes a separate effect upon the disturbances in- 
duced by heat. In all discussions of this nature, therefore, the conditions 
should be carefully defined and the respiratory response accurately deter- 
mined. It would seem that under the environmental conditions here 
employed, and which are similar to those which exist in severe tropical 
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climates, respiratory stimulation is relatively slight, and what changes do 
occur take place sufficiently slowly for other mechanisms (e.g. kidney) 
to counteract the acid-base disturbance entailed. 

Acid-base changes. The alterations produced by heat in the variables 
entering into the acid-base balances of the circulating blood are extra- 
ordinarily complex, and our results do little more than point out the 
necessity for systematic study of these variables and simultaneous 
measurement of as many items as possible under rigidly standardized 
conditions. The remarks made above concerning the very varied experi- 
mental conditions employed by different workers apply with equal if 
not greater force to this problem. 

reduction of [CO,] in the blood from the median cubital vein. Our 
findings agree with those of Adolph and Fulton [1923], Flinn and 
Scott [1923] and Cajori el al. [1923]. Now, the concentration of CO, 
in vein blood is dependent upon the following factors: (i) the difference 
between the tension of CO, in the tissues (p,) and the tension of CO, in 
the arterial blood (p,); (ii) the area of surface engaged in gas exchange (A), 
and (iii) the time taken for unit volume of blood to pass unit area of exchange 


[00,].=K 47. 


A fall in [CO,], must be due to the reduction of one or more of its deter- 
minants. In hot conditions 7' is undoubtedly decreased. In our experi- 
ments, however, this factor was minimized by the application of a 
tourniquet in the operation of sampling. (The oxygen desaturation in all 
samples from subject 9 was high—c. 80 p.c.) In hot conditions A is 
undoubtedly increased. The factor determining the fall in [CO,], must 
therefore be the effective CO, tension of the tissues. When alveolar CO, 
percentage falls, as it does late in the experiment, this will facilitate the 
reduction of [CO,], by reducing p,; but marked falls were obtained 
before the alveolar CO, fell. We are forced to conclude that the tension 
of CO, in the cutaneous tissues falls. 

Fall in CO, tension of the cutaneous tissues may be due to three 
causes: (a) facilitation of removal by increased capillary bed; (6) increased 
loss through the skin ; and (c) decreased production by the tissues. The first 
at the most cannot outweigh the increase brought about by factor 4 
above. As regards the second, most observers are agreed that the CO, 
elimination from the skin increases rapidly as the temperature rises, 
particularly with the onset of sweating. Von Willebrand [1902] and 
Schierbeck [1893], by warming the whole body, obtained high figures 
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(e.g. 1-35 gm./hr. from the whole body surface). More recent investigators 
obtain lower values [W hitehouse et al. 1932; Sha w and Messer,1930]. 
If the higher figures are taken as correct, this factor could account for a 
fall of 4.¢.c. per 100 c.c. in [CO,] of the cutaneous vein blood, as long as 
the volume flow through the forearm skin did not exceed 365 c.c. per min. 
The third postulate is not a likely one. 

The extent to which the alkali reserve of the cutaneous vein blood 
follows the fall in [CO,] is open to question. In the one measurement 


_ made by us the alkali reserve did not show a proportionate fall. Cajori 


el al. [1923] observed a similar stability, but did not measure the [CO,]. 
Adolph and Fulton [1923] found the alkali reserve to fall almost 
proportionately to the [CO,], but their subjects showed a hyperventilation. 
Flinn and Scott [1923] using dogs, in which hyperventilation may be 
presumed to have been present, found the alkali reserve did not fall in 
proportion to the [CO,], the pH rising by 0-29. 

Even in those cases in which an alkalssmia of cutaneous vein blood is 
established, it would be dangerous to infer from that that the arterial 
blood exhibits a similar alkaleemia, owing to the profound and complicated 
activity of the skin through which it has passed. There seems to be as yet 
no clear proof that, in the absence of a complicating hyperventilation, 
the arterial blood of animals exposed to heat is alkalemic. In fact, 
Marsh [1933] has shown in rabbits that the left ventricle blood may 
be acidwmic in conditions of heat stroke, owing to a high lactic acid — 
content. Our subjects, however, showed no evidence of increased blood 
lactate., 

Syaptomatclosy. It is hoped that a full discussion of this aspect of 
bodily reactions to reduced cooling powers such as prevail in, tropical 
zones will appear later elsewhere. 


SUMMARY AND CONCLUSIONS. 


Experiments are described in which human subjects in the post- 
absorptive state were kept at rest for 64 hours in hot rooms of two 
different humidities, but of the fairly comparable “effective tem- 
peratures” of 92-95° F. A standard meal and a standard amount of 
water were taken at stated times, and observations were made upon 
pulse rate, body temperature, respiratory changes, urinary acid excretion, 
certain acid-base items in the cutaneous vein blood and symptoms. These 
are compared with similar observations made (i) throughout a similar 
period in a normal temperature room, and (ii) in a normal temperature 
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room immediately prior to entering the hot room. The following con- 
clusions are reached: 

1. In subjects exposed to high anpaniinenns, dry (p.B. 110° F., 
w.B. 90° F.) or humid (p.B. 97° F., w.B. 92° F.), the pulse rate and body 
temperature behave in a closely similar fashion. In the post-absorptive 
state they respond in equivalent fashion in environments of equivalent 
“effective temperatures”, whether dry or humid; the taking of food, 
however, causes a greater reaction in the dry atmosphere. 

2. The value of Q,, for pulse rate in these experiments is extra- 
— high, showing that the increase in rate is the result of complex 


3. ks changes are slight in the first 3 hours of the exposure ; 
they may become more marked subsequently. These changes are of the 
nature of increased depth rather than rate of respiration. 

4. Alveolar CO, tension does not fall until the respiratory solime has 
been markedly increased. 

_B. Urinary acid excretion is lowered as compared with the normal 
room during the third to sixth hours of the experiment. . 

6. There is a definite fall in the [CO,] of cutaneous vein blood from 
the forearm. This appears before any fall in alveolar CO, tension. It is 
suggested that the causation is increased excretion of CO, through the 
skin, supplemented in some cases by increased rate of cutaneous blood 
flow. Falling alveolar CO, tension may later cause a further lowering. 

7. The evidence for the existence of a true alkalemia - arterial 
blood, apart from over-ventilation, is inconclusive. 

8. There is no increased blood lactate content under these hl 

9. In the consideration of acid-base changes there is an urgent need 
for the reduction or, in so far as that is not possible, for the simultaneous 
study of variables, simultaneous measurement of numerous items, and 
rigid standardization of conditions. 


Our best thanks are due to Prof. C. Lovatt Evans for his encouragement and advice, 
and for the placing of all materials at our disposal. We are greatly indebted also to Dr 
G. P. Crowden and the London School of Hygiene and Tropical Medicine for the free 
use of the air-conditioning plant for a considerable period of time, as well as for further 


encouragement and advice, and to the subjects who nobly endured the somewhat arduous 
experimental conditions with fortitude. 
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THE RESPONSE OF THE UTERUS OF HYPOPHY- 
SECTOMIZED RABBITS TO EXTRACTS OF 
THE CORPUS LUTEUM. 


By J. M. ROBSON. 
Beit Memorial Research Fellow. 


(From the Institute of Animal Genetics, University of Edinburgh.) 
(Received February 22, 1935.) 


In a previous paper [Robson, 1935] it was shown that the uterus of the 

-hypophysectomized rabbit was affected by ketohydroxyestrin in.a 
manner which, qualitatively, could not be distinguished from the effects 
produced by the hormone in ovariectomized animals. The alterations in 
size, histological appearance, and reactivity and spontaneous rhythmic 
activity of the muscle were recorded in those observations. Further 
similar experiments on the action of extracts of the corpus luteum on the 

uterus of hypophysectomized rabbits were then performed, and are 
described in the present communication. Reynolds and Firor [1934] 
described at a meeting of the American Physiological Society a relative 
insensitivity of the uterus of the hypophysectomized rabbit to progestin, 
but otherwise no information seemed to be available regarding the action 
of progestin after hypophysectomy. 


| TECHNIQUE. 

Mature female rabbits of various breeds and one immature animal 
weighing 0-9 kg. were used. Hypophysectomy was performed by the 
orbital approach [Firor, 1933] and controlled by a macroscopic examina- 
tion of the sella, which is probably very reliable in view of the limited 
nature of the cavity. Ovariectomy was performed by the dorsal route. 

Crystalline ketohydroxyestrin (B.D.H.) was administered sub- 
cutaneously in solution in olive oil. Two extracts of the corpus luteum 
were used, namely: (1) @ preparation of a fairly high degree of purity, 
dissolved in oil and assayed (by the method of Clauberg) on the 
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immature rabbit previously treated with cestrin (I am indebted to Dr 

Macbeth, of Organon, Ltd., for the supply of this preparation), (2) a 

‘crude extract prepared according to the method of Robson and 

Illingworth [1931] from bovine corpora lutea; 1-65 kg. of corpora 

yielded some 90 c.c. of extract which became liquid on warming and was 

injected. subcutaneously in that state. This preparation is referred to as 
“own” in Table I. 

The degree of progestational proliferation has been measured as 
follows: + + + represents the proliferation seen at the height of pseudo- 
pregnancy, + the minimum proliferation clearly discernible, while + + is 
an effect intermediate between these two. 

Uterine strips were immersed in Ringer-Locke solution kept at 
37-5° C, with constant oxygen bubbling (100 c.c. containers). The pre- 
paration of the oxytocic hormone of the posterior pituitary lobe (“pito- 
cin”) was kindly supplied by Dr White, of Parke, Davis and Co. 


RESULTs. 


The full data of all the experiments are shown in Table I. The third 
column gives the duration in days between the removal of the pituitary 
or the ovaries and the day when the uterus was removed for the deter- 
mination of its histological state and of the reactivity and activity of the 
muscle, Injections of cestrin were commenced either before or after the 
operative interference and were continued for the period shown in the 
fourth column; injections of the corpus luteum hormone were com- 
menced on the day following the last cestrin injection. In the case of the 
Organon preparation two injections a day were given in all experiments. 
In animals Ra 500 and 505 one injection of 1 c.c. of our own crude 
preparation was given for the first three days and two injections of 1 c.c. 
(morning and evening) on the last two days; in animals Ra 509 and 495 
one injection of 1 c.c. was given on the first day and two injections of 
1 c.c, (morning and evening) on the last three days of the injection period, 
while in Ra 497 and 499 injections of 1 o.c. were given twice daily 
throughout the whole period of administration. In all experiments the 
state of the uterus was determined on the day following the last injection 
of the corpus luteum extract. 

The results show definitely that the progestational reaction can be 
elicited in the uterus of the hypophysectomized rabbit and, moreover, 
that this effect can be obtained at least 18 days after removal of the 
pituitary. The state of the endometrium is illustrated in Figs. 1 and 2, 
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Fig. 1A. Fig. 1B. 


Fig. 1. Showing progestational proliferation in hypophysectomized rabbits treated with 
cestrin and corpus luteum extracts. A, 13 days after hypophysectomy (Ra 500). 


B, 18 days after hypophysectomy (Ra 509). 


Fig. 2 A. Fig. 2B. 

Fig. 2. Illustrating inhibition of the oxytocin reaction in hypophysectomized rabbits 
treated with wstrin and corpus luteum extracts. A, 9 days after hypophysectomy. 

B, 18 days after hypophysectomy. Signal: 1-0 unit of “pitocin” added to bath. 


Time intervals =1 min. 
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obtained from animals Ra 500 and 509, 13 and 18 days after hypophy- 
sectomy respectively. The ovaries of animals Ra 499, 500 and 505 were 
histologically examined and shown to contain no luteal tissue, as was 
indeed to be expected. 

A comparison between the effects obtained in ovariectomized and 
hypophysectomized animals shows that the degree of progestation 
attained by animals receiving fairly large doses of extract are quite 
similar in both groups. There is no suggestion that the effects in rabbits 
Ra 492 and 494 receiving a total of 6 r.v. and Ra 495 injected with 7 c.c. 
of the crude extracts (ovariectomized group) are more marked than the 
effects in Ra 493 injected with 6 R.v., 497 receiving 6 c.c., 500, 505 and 
509 receiving 7 c.c. and 499 receiving 8 c.c. of the crude extract (hypo- 
physectomized group). On the other hand, an examination of the results 
in animals injected with smaller quantities of extract lends support to 
the suggestion that a threshold response can be obtained with smaller 
quantities in the ovariectomized than in the hypophysectomized rabbits ; 
for two ovariectomized animals gave some progestational response with 
2 R.U., though two other ovariectomized animals receiving 3 R.U. showed 
no effect, while the only animal out of five in the hypophysectomized 
group injected with 2-4 r.v. that exhibjted any response was found to 
have the pituitary incompletely removed. It must be emphasized that, 
though a number ot animals were injected with cestrin in order to produce 
parallel conditions in ovariectomized and hypophysectomized animals, 
previous experiments [Robson and Illingworth, 1931; Illingworth 
and Robson, 1932] have shown that such injections are unnecessary for 
the production of the progestational reaction in adult does, provided that 
corpus luteum administration be commenced shortly after removal of 
the ovarian activity. 

As regards the question of the threshold of response, it is interesting 
to note that, as already stated, a relative insensitivity of the uterus of 
the hypophysectomized rabbit to progestin was described by Reynolds 
and Firor [1934]. By their courtesy and that of Dr A. 8. Parkes 
I have been able to examine the data and photographs of the American 
investigators showing that the uterus failed to react to progestin. It 
_ Seems quite probable that the absence of the proliferative reaction was 
due to a use of a dose which, though effective in animals with their 
pituitaries intact, was below the threshold value of the h hysecto- 
mized animal, 
Examination of our own data also shows that, in the hypophysecto- 
mized animal, administration of — doses of the corpus luteum 
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extract produced inhibition of the reaction of the uterine muscle to the 
oxytocic hormone of the posterior pituitary lobe. 

The uteri of all the experimental animals treated with cestrin for five 
or more days, and then with the smaller doses of the luteal extract (less 
than 6 8.U.), showed reactions to doses of oxytocin varying from 0-1 to 
0-5 units per 100 c.c. of Ringer-Locke (Ra 476, 477, 481, 474, 480). On _ 
the other hand, the uteri of all the animals similarly treated with 
cestrin but subsequently injected with larger doses of corpus luteum 
extract, either gave no response when 1-0 unit of oxytocin was added to 
the bath or were inhibited (Ra 493, 497, 500, 505, 509, 492, 495). Such 
an effect is illustrated in Fig. 2. 

The spontaneous rhythmic activity exhibited by the uterine muscle 
was determined in all experiments and is given in the eleventh column 
of Table I; the figures actually roughly represent the mean height of the 
contraction in centimetres, as measured on the tracings, the contractions 
of both strips used in all experiments being given. There is no suggestion 
that the results obtained in hypophysectomized animals are appreciably 
different from those in ovariectomized rabbits. Moreover, as far as can 
be judged from these results, the administration of the corpus luteum 
extracts does not appear to affect the siecguaiias activity of the uterine 
muscle subsequently removed. 


Hypophysectomy in the rabbit does not interfere with the subsequent 
response of the uterus to extracts of the corpus luteum. Under suitable 
experimental conditions progestational proliferation of the endometrium 
and inhibition of the ETAY of the muscle to oxytocin in vitro may be 
obtained. 


Research Council, the Royal Society and the Moray Fund of the University of Edinburgh. 
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THE RELATION OF THE SPLEEN TO FORMATION 
OF GLYCOGEN IN THE LIVER. WITH A NOTE 
ON THE RATE OF ABSORPTION OF 
GLUCOSE AND LACTIC ACID. 


By MARGARET KERLY anp CHARLES REID. 
(From the Department of Physiology, University College, London.) 
(Received February 1935.) 


SEVERAL observers have drawn attention recently to a supposed role of 
_ the spleen in carbohydrate metabolism. The main relevant bibliography 

is given by Grant [1933], who studied in the anesthetized cat the effect 
of removal of the spleen and of administration of acetylcholine on the 
formation of glycogen in the liver from lactic acid neutralized and in- 
jected into the superior mesenteric or splenic vein. Fuziwara [1933] 
claimed that the intravenous injection of spleen extracts into splenec- 
tomized rabbits increased the formation of glycogen in the liver from 
injected glucose, but he does not state that he tested the effects of his 
extract on intact animals. Apart from the lack of comparable controls, 
the injection of spleen extracts was given on the day following splenec- 
tomy, which might not give sufficient time for recovery from the 
operation. 

In view of the importance of these observations and the contra- 
dictory nature of the results of other workers, the subject has been rein- 
vestigated. Experiments have been made on anesthetized cats, and on 
unanesthetized rats treated according to the Cori [1925] technique. 


EXPERIMENTS ON CATS. 
METHODS. 
(1) EHaperimental. 


Two types of experiment were made, both designed so that liver samples 
could be taken during and after the intra-enteral or intravenous infusion 
of glucose or of lactic acid. Cats, fasted for 48 hours, were anzsthetized 
by injecting intraperitoneally 0-08 g. chloralose per kg. This ensured 
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complete surgical anesthesia in 10-15 min. after a quiet induction period. 
Grant [1933] used ether induction, and we have tried N,O induction 
prior to chloralose. Neither method is satisfactory owing to variations in 
the hyperglycemia and probably other metabolic disturbances [Browne 
and Evans, 1933]. Murphy and Young [1932] found that of the non- 
volatile anesthetics which they tried-chloralose had least effect in 
increasing blood glucose. 

After anesthetization the cats were kept warm, with rectal tem- 
perature between 37-5 and 38-5° C. throughout the experiment. In the 
splenectomized group the spleen was removed after first clamping and — 
then tying its blood vessels. For infusion into the gut a cannula was — 
inserted into the upper jejunum and one into the lower end of the ileum, _ 


the latter draining into a flask. 10 p.c. lactic acid or 20 p.c. glucose was 


infused slowly into the jejunum by the apparatus of Burn and Dale 
[1924], so that the total dose of lactic acid was 1-0 g. per kg. and of 
glucose 2-0 g. per kg. as follows. Introductory period under anmsthesia 
2-24 hr.; 1st carotid blood and liver samples; infusion for 14 hr. of $ total 
dose: rest $ hr.; 2nd blood and liver samples; infusion for ? hr. of } total 

dose: rest $ hr.; 3rd blood and liver samples; infusion for ? hr. of } total 
dose: rest 4 hr.; 4th blood and liver samples. At the end of the experi- 
ment the contents of the small intestine were washed into the flask. 

For intravenous infusion the same dose of lactic acid or of glucose was 
given by slow infusion during 3 hours into the femoral vein. Blood and 
liver samples were taken before and at the end of the infusion and about 
1}-2 hours thereafter. 

-Control animals for each type of experiment were given 10 c.c. of 
6 p.c. NaCl per kg., which has approximately the same molar concen- 
tration as 10 p.c. lactic acid or 20 p.c. glucose. The lactate for infusion was 
prepared from B.D.H. racemic lactic acid by diluting to approximately 
20 p.c., boiling to hydrolyse anhydride, and, immediately before use, 
neutralizing to phenol red with NaOH or NH,OH. The exact strength of 
lactic acid was determined for each infusion. It was not truly racemic. 
Dr F. G. Young kindly determined the specific rotation of a sample of 
the 20 p.c. acid after boiling and found [a] Na+0-74. 

Glucose solutions were prepared from B.D.H. dextrose. 


(2) Chemical. 


Glucose in blood by Hagedorn and Jensen's method [1923]; in 
intestinal contents and urine, by Shaffer and Somogyt’s [1933] reagent 
No. 50, <n West, Scharles and 
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Peterson [1929]. In some experiments both total and non-fermentable 
reducing substances were estimated, but the non-fermentable reduction 
was negligible in comparison with the fermentable. In those experiments 
in which glucose was given intravenously, the glucose in the urine was 
estimated by Benedict’s method [1911]. 

Lactic acid, by Friedmann, Cotonio and Shaffer's method [1927] 
after precipitation of proteins by 4 p.c. trichloroacetic acid and of glucose 
by copper sulphate and lime. Determinations on intestinal contents and 
on urine of controls gave negligible values for lactic acid. All values are 
expressed as lactic acid. 

Glycogen, by the method of Evans, T sat and Young [1931]. Values — 
are expressed as glucose found after hydrolysis as percentage of wet 
weight of liver, and are the mean of two estimations on the same lobe. 
‘Different lobes were used for the individual samples, but in the same order 
in all experiments. | 

Water content of the liver, by drying to constant weight at 110°C. As 
only small increases of about 1-2 p.c. occurred in the water content of 
the liver in most experiments, it was not considered necessary to allow 
for this in the calculations of the percentage of glycogen. 


RESULTS. 
Distribution of glycogen in different lobes of the liver. 


Our results are in general agreement with those found by other 
workers [see Evans, Tsai and Young, 1931], and show that, since 
the distribution of glycogen is not even, it is not justifiable to draw 
conclusions from small differences in the yield of different lobes after 
various procedures as Grant [1933] has done. 


Infusion of NaCl. Controls. 


When an animal under chloralose is subjected to no further treatment 
than that involved in sampling, Murphy and Young [1932] have shown 
that the glycogen of the liver declines. Similarly, in our saline controls, 
intact (with one exception) and splenectomized cats showed continuous 
falls in liver glycogen at an average rate of about 0-1 p.c. per hour, but 
variations above or below were met with. Gentle handling of the spleen 
did not increase glycogenolysis, since splenectomized animals did not 
show larger falls than the intact. All showed, as a rule, some increase in 
blood glucose while the blood lactic acid remained at normal limits. 
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Experiments, in which the temperature of the animals varied more 
than 0°5° C. from 38° C. or in which the blood-pressure was much above 
or below 100-120 mm. Hg, are not considered comparable, and are not 
included in our results. One of us (C. R.) has made further observations 
on the behaviour of glycogen of the liver in cats under chloralose when 
their body temperature was raised or lowered. : 


Formation of glycogen in the liver. 
(1) From lactic acid. as 
(a) Intra-enteral infusion of 10 p.c. lactic acid, neutralized with NaOH. 
The mean percentage of glycogen in the liver at 2, 4 and 6 hours after the 


beginning of the infusion, calculated from extrapolated values in Table I 
to allow for time differences in taking the samples, were: 


.. Initial 2 4 6 
Intact (8) 1-25 1-12 1-13 087 
8 (7) (p.c.) 1-39 1-43 1-09 0-67 


Undue stress must not be laid on these averages owing to the irregularity 
of the results in different experiments. Of eight intact animals, six showed 
either a rise or a check in the fall at some time during the infusion of 
lactate; of seven splenectomized, five showed increases (Table I). If this 
point is considered along with the means shown above, it cannot be said 
from experiments of this type that the spleen exerts a decisive influence 
on the deposition of glycogen in the liver. © | 

The lactic acid of the blood increased by about 0-05 p.c. at the end 
of the absorption period, but small amounts only were excreted in the 
urine. The blood glucose was higher than in the controls. 

With 10 p.c. lactic acid, neutralized with NH,OH, results were less 
definite in regard to the point under investigation. 

The absorption rate for sodium and ammonium lactate in both intact 
and splenectomized groups was nearly 0-16 g./kg./hr. 

(6) Intavenous infusion of 10 p.c. lactic acid, neutralized NaOH. 
Lactate was given to four intact and three splenectomized cats, but the 
- results (Table I) showing that deposition of glycogen in the liver occurred 
in both groups confirm the findings from the intra-enteral administration 
of lactic acid. 

In this method also of giving lactic acid, a very small fraction was 
excreted in the urine. The blood glucose had increased by 0-1 p.c. at the 
end of the experiment. 
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TaBiz I. Glycogen in the liver during and after infusion of 10 p.c. 


lactic acid, neutralized with NaOH. 
Liver glycogen p.c. 
sample 2nd 3rd 4th 
(a) Intra-enteral infusion. 
1-99 1-33 1-54 1-29, 
0-62 0-76 1-31 0- 
1-25 0-86 
1-92 1-47 1-30 0-81 
0-80 1-39 1-04 
2-60 ome 1-66 1-30 
2-62 1-03 0-96 0-63 
1-06 1-43 0-80 
0:28 1-04 —_ 33 
0-70 1-92 1:17 0-77 } Splenectomized 
0-66 0-88 0-83 0- 
2-17 2-74 2-64 1-81 
2-56 1-85 0-94 0-74 
(6) Intravenous infusion 
1-32 1-99 1-64 Hormel 
1-39 2-15 1-30 
0-83 1-23 1-23 af | 


In three of the cats the rate of infusion was about 0-06 c.c./kg./min. 
of 10 p.c. lactic acid and two of these showed marked hemoglobinuria ; 
in the others, when a somewhat slower rate was used, the urine contained 
minimal traces of hemoglobin. 


(2) From glucose. 

(a) Intra-enteral infusion of 20 p.c. glucose (Table I). All four cats, 
two intact and two splenectomized, showed pronounced formation of 
glycogen in the liver which proceeded in all cases, except one, continuously 
throughout the period of the experiment. In spite of the high blood 
glucose, negligible amounts were lost in the urine. 

The blood lactic acid was of the same order as for the steak, 

The mean rate of absorption of 20 p.c. glucose given by slow infusion 
into the intestine was 0-298 g./kg./br. for intact and 0-306 g./kg./hr. for 
splenectomized cats during an absorption period of 6 hours. 

(6) Intravenous infusion of 20 p.c. glucose. In all experiments, four 
intact and four splenectomized cats, large and continuous increasesin 
the yield of liver glycogen occurred. It is clear on reference to the averaged 
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Taszz II, Glycogen in the liver during and after infusion 
of 20 p.c. glucose. 


Blood glucose, 1 mg./100 c.c. Liver glycogen p-c. Glucose . 


Initial 
kg. sample 2nd 3rd 4th sample 2nd 3rd 4th gg. g./kg./hr. 


Normal cats. 

33 66161 248 339 #43356) «60-18 «6031 60-84 «60-92 6-66 

27 110 269 315 365 O85 103 O91 156 540 0-319 

, Splenectomized cats 
2:3 97 229 305 337 097 526 0-307 
21 120 302 340 296 008 0:39 41:52 420 0-305 
g./kg./hr 
27 106 351 194 — 066 4&107 #+%147 — #£0-292 
2-6 87 381 251 ~— 040 109 — 6520 0-264 
2:1 79 282 170 — O99 153 — 462 0-312 
2-6 72 327 #232 — O61 100 %41:37 — £5610 0-345 
Mean 2-5 86 335 212 — 066 $%&.119 #149 — 510 0303 ‘ 
Splenectomized cats. 

31 8 400 277 — 214 — £620 £0314 
2-0 92 483 370 — 029 066 100 — 400 0-296 
2-7 91 408 342 — Lill 200 208 — 0-283 
25 142 500 390 — O51 143 4187 — 0-338 


0-81 1-46 1-77 


‘results in Table II that both groups of animals formed glycogen about 


equally readily when glucose was infused. 

On calculating the total increase of glycogen in the livers of intact 
cats from extrapolated values (to allow for time differences in the sampling 
times in the experiments), it was found that 1-47 g. were formed in the 
first 3 hours after the commencement of the infusion and 0-93 g. during 


- the next 2 hours. For the splenectomized group the amounts were 1-47 g. 


and 0-88 g. respectively. Further, the mean decrease in blood glucose 
between the third and fifth hours was 0-123 p.c. for intact and 0-118 p.c. 
for splenectomized animals, As the total yield of glycogen was nearly 
the same for both groups, substantially the same amounts of glycogen 
had been formed in both cases during the period of decrease of blood and 
tissue glucose. 

The amount of glucose retained in the body between the beginning of 
the infusion and the end of the experiment averaged 0-303 g. for intact 
and 0-310 g./kg./hr. for splenectomized animals. This was in striking 
agreement with the amounts taken up from the intestine! in our absorption 


‘ ‘Weg 
wd 
a 
a 
“a 
a -en on. 
¢ 
> 
val 
4 
t 
a; 4 
% 
43 
| 
Ey, 
5 
r 
“a 
ad 
af 
‘ 


308 RERLY AND OC. REID. 


experiments. Further, the increase in the percentage of glycogen laid 
down was of the same order as when glucose was given by the 
intestine. | 
: Experiments with acetylcholine and choline chloride. 

Grant [1933] claimed that the injection of acetylcholine into the 
splenic vein of splenectomized cats restored the formation of glycogen 
in the liver from lactic acid. ' 

We have tried the effect of giving a simultaneous injection into the 
splenic vein of acetylcholine or choline chloride while lactate, glucose or 
NaCl was given by the intestine at the usual rates to intact.cats. Our 
results were entirely negative as regards a specific effect on deposition 
of glycogen of these substances given in this way. 


Discussion. 


It is clear from the preceding experiments that the liver of the cat 
under chloralose readily formed glycogen when glucose was either 
absorbed from the intestine or infused into a systemic vein, and this 
equally well whether the spleen was in situ or removed. 

From the results obtained with glucose given slowly into the intestine 
or into a vein, it would seem that the intestinal mucosa was not concerned 
necessarily in any change in the glucose molecule prior to its entry into 
the blood stream and its presumptive deposition as glycogen in the liver. 

Formation of glycogen was less regular when lactic acid was absorbed 
from the gut, but, when given slowly into a vein, lactic acid led to 
deposition of comparable amounts of glycogen in the livers of intact 
and splenectomized cats. The less regular results from infusion into the 
gut did not depend in different cats on different absorption rates, as 
these were remarkably constant. 

It should be pointed out that the initial concentration of blood 
glucose in Grant’s experiments was usually high and variable, probably 
because ether was given prior to chloralose. On this account, even 
although a period of 1 hour after anesthetization was allowed for the 
attaiment of a steady state in the liver before the initial sample was 
taken, it is by no means clear that this was attained. On the other hand, 
in our experiments, the blood glucose was nearly normal at the initial 
sampling, and liver glycogen decreasing slowly, as judged by the data of 
the controls, 
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EXPERIMENTS ON RATS. 


METHODS. 


Female black and white rats, 3-4 months old, from the Lister 
Institute breeding stock were used. They were kept in the stock room at 
20° C. and fed ad libitum on the standard University College diet: 


Maize meal 3720 oigs CaCO, 180 parts 
Whole wheat 1200 NaCl 60 ,, 
laxo casein 540 ,, _ Dried blood 60 ,, 
Dried yeast 240 ,, 
with fresh vegetables twice weekly. 


Batches of the rats were deprived of food, weighed and placed . in 
screen cages 24 hours before the beginning of an experiment. Drinking 
_ water was removed 1 hour before experimental feeding, the rats weighed 

and brought to the laboratory (19-20° C.). A 2 ¢.c. syringe, pulled back 
to the stop, delivered 1-93 c.c. of the solution into the stomach. 

In the earlier experiments 50 p.c. glucose or 10 p.c. lactic acid, 
neutralized with NaOH, was used, and 3 hours allowed for absorption. 
As the larger rats absorbed nearly all the glucose or lactic acid, 60 p.c. 
glucose and 12-17 p.c. lactic acid were substituted. Three hours after 
feeding, each rat was killed by stunning, decapitated and bled. The 
abdomen was opened, ligatures tied round the distal end of the ceso- 
phagus, pyloro-duodenal junction and distal end of the ileum (all of 
which occupied less than 1 min.), and the liver then removeds sliced, 
drained of blood, weighed and dropped into hot 60 p.c. KOH. The 
stomach, small intestine and, in some cases, also the large intestine were 
cut open in separate beakers, the organs washed with successive quan- 
- tities of warm saline and the washings poured into volumetric flasks. 

- Glucose and lactic acid in the blood and gastro-intestinal contents 
were estimated as before. Glycogen by Good, Kramer and Somogyi’s 
method [1933] and hemoglobin by Haldane’s method. 

Splenectomy was done under ether aseptically through a left para- 
central incision. The weight of the operated rats fell at first but began 
to increase in a few days. They were not used for experimental feeding 
until 14-25 days after their operation, when they were again gaining 
weight steadily. 

Experiments of each kind, #.e. controls, feeding of intact and splenec- 
Tied rats, were made as far as possible on the same day to minimize 
random variations and to eliminate the effect of progressive changes in 
the rat colony. 
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RESULTS. 


Out of twenty-eight rats splenectomized, eleven died in 4-17 days 
after successful operations. No obvious cause was discovered post- 
mortem, but Ford and Eliot [1930] observed that splenectomy in rats 
may precipitate a latent Bartonella infection with anemia. As two- 
thirds of our surviving rats were found when killed after experiment to 
be suffering from anemia, Prof. G. 8. Wilson of the School of Hygiene 
and Tropical Medicine examined blood films from our rats and reported 
the presence of a severe anwmia due without doubt to Bartonella in- 
fection. The Bartonella bodies usually appear in the blood 3-5 days 
after splenectomy and disappear within 14 days if the rat survives. The 
blood films from our rats were taken 14-25 days after splenectomy. 


Controls. 


During 24 hours’ starvation before feeding, the mean loss of weight 
was 8-7 p.c. for normal and 9-4 p.c. for splenectomized animals. If 
- animals showed a much greater loss of weight they were excluded. 

After a 24 hours’ fast, the liver glycogen was low, mean 0-031 p.c. 
for eleven rats. The blood glucose was 0-088 p.c. and the lactic acid 
0-018 p.c. | 

Control animals had negligible amounts of glucose and lactic acid in 
their intestines. 

3 Feeding with glucose. 

In six intact rats given glucose, the yield of liver glycogen was 
reasonably constant and averaged 2-03+0-31 p.c. after 3 hours. 

Of six splenectomized rats, two with a normal Hb p.c., had formed 
comparable amounts of glycogen in the liver; the others, mean Hb p.c. 45, 
all formed large amounts of glycogen but less than the normal rats. 
Absorption was normal in the anemic rats at 0-3 g./100 g./hr., and, as 
the blood glucose was not higher than in the intact rats except in one 
instance, the liver of anemic rats apparently failed to form as much 
glycogen as normal rats. Livers from anemic rats were pale and had a 
higher water content (74-8 p.c.) than the livers of normal animals 
(70-3 p.c.). 

The proportion of absorbed glucose represented by the increased 
yield of glycogen from the liver at 3 hours was about 11 p.c. for intact and 
for splenectomized rats with a normal Hb p.c., but anemic splenec- 
tomized rats had a lower figure, viz. 5 p.c. 
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SPLEEN AND LIVER GLYCOGEN. $11 
Taste IIT, Rate fed 1-93 0.0. solution and killed 3 hours later. 
Glucose or lactic acid 
Li Un- Absorbed 
aver glycogen absorbed a converted . 
A + in inin- Absorbed to 
mg./100 g. g. Fed stomach testine mg./100g. glycogen 
rat ver mg. mg. mg. pc. Hbp.c. 
| (a) Glucose: Normal rats, 
17-4 1-88 970 55 l 776 10 — 
108-0 2-35 970 24 l 761 14 — 
89-0 2-16 960 27 5 648 13 — 
73-2 1-86 960 5 0 628 12 — 
80-1 1-72 1170 67 19 1110 x -- 
717-1 2-19 1170 160 26 702 10 110 
Mean 84:1 2-03 1033 56 9 771 il a. 
Splenectomized rats: normal Hb 
92-1 2-51 1170 91 19 945 10 95 
65-3 1-82 150 9 2 780 9 100 
Splenectomized rats: anzemic. 
51-6 1-22 1160 152 13 1000 5 50 
60-1 1-33 1160 237 27 840 7 42 
40-7 0-86 1150 171 18 884 4 38 
50-5 1-16 1170 65 12 968 5 48 
Mean 52-2 1-14 1160 131 18 923 5 45 
(b) Lactic acid: 
3-4 0-12 191 15 6 136 2 — 
73 0-12 191 6 ll 138 5 _ 
4:7 0-13 224 41 1l 132 4 106 
18-0 0-52 224 80 3 109 17 110 
| 5-2 0-15 294 21 8 143 i= 
44:8 1-16 246 25 20 168 27 — 
6-8 0-20 325 120 32 141 5 —_ 
Mean 12-9 0-34 138 9 
Splenectomized rats. 
12-4 0-27 247 24 37 145 9 60 
41-6 1-01 257 53 23 165 24 50 

ee 15-7 0-44 254 52 33 108 14 110 

BS 12-5 0-43 293 103 33 137 9 95 

05 «1-18 293 68 35 140 23 60 

Mean 245 067 139 15 
Feeding with lactic acid, neutralized with NaOH. 

Pas: The formation of liver glycogen from lactic acid was of the same order 
, in intact and splenectomized rats, but, as in the cat when lactate was 
T given by the intestine, was smaller and less regular than when glucose 

was given. These variations did not depend on absorption from the 

___ intestine or on the concentration of the solution fed, and were observed 
| _ imexperiments made on the same day. The proportion of absorbed lactic 
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acid represented by the increased yield of glycogen from the liver at 
3 hours varied between 2 and 28 p.c.; Cori and Cori [1929] found 
29-30 p.c. for racemic lactic acid.._» 

The blood glucose increased slightly after lactate feeding to the mean 
figure 0-14 p.c., contrary to the finding of Cori and Cori [1929]. 


Feeding with choline chloride and glucose or lactic acid. 


In addition to the usual amounts of glucose or lactic acid the solutions — 


given contained 20 p.c. choline chloride. No significant — were 
observed in these experiments. 


Discussion. 


When glucose was given to normal rats and to splenectomized rats, 
which were not anemic, similar amounts of glycogen were formed in the 
livers. The anemic splenectomized rats formed considerable but smaller 
amounts of glycogen in the liver. Evidently splenectomy precipitated 
the Bartonella infection with anemia and so introduced a complicating 


factor. Anemia is known to cause fatty livers and the work of Best and — 


his collaborators suggests that these have faulty carbohydrate meta- 
bolism. 

When lactic acid was given, the glycogen of the liver increased by 
small but rather variable amounts in both groups. Actually the average 
amount formed was higher in the splenectomized group, but, with widely 
varying figures, an average has little meaning in view of the eae 
number of animals in the groups. 

The absorption rates are included in Table III. They confirm, in some 
respects, the results of Cori [1925], Cori and Cori [1929] and Cori 
[1930], but there are some points of difference. Our rates of absorption 
of glucose agree with Cori’s [1925] and support his view that for glucose 
the rate is largely independent of the concentration of the solution placed 
in the stomach. The rate of absorption of lactic acid (9-8-16-8 p.c.) is of 
the same order as that found by Cori and Cori [1929], 4.e. about 1/6-1/7 
the rate of absorption of glucose (50-60 p.c. in our experiments), but, 
contrary to Cori and Cori, we find the rate for lactic acid, calculated 
per 100 g. rat, to be independent of the concentrations used (Table III). 

We do not think the smaller rate of absorption of lactic acid is 
necessarily accounted for by different rates of absorption from the 
intestine as suggested by Cori [1930]. This point receives support from 
our experiments on cats in which equimolecular solutions, viz. 20 p.c. 
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glucose and 10 p.c. lactic acid, were absorbed at the same molecular rate 
when infused slowly into the jejunum. Further, contrary to Cori’s 
results, we found that, when more glucose or lactic acid was given to 
rats than could be absorbed during 3 hours, the unabsorbed fraction in 
the stomach was as a rule much greater than that in the intestine 
(Table III). We ligatured the pyloro-duodenal junction immediately 
after killing the rat, but Cori does not state that she did this. Taken in 
conjunction with the absorption rates of glucose and lactic acid in cats, 
the presence of the larger unabsorbed fraction in the stomach of rats 
points to a local mechanism controlling the emptying of the stomach. 
SUMMARY. 

The suggested relationship of the spleen to deposition of glycogen in 
_ the liver has been investigated in cats anesthetized with chloralose and 
in unanesthetized rats. 

In both intact and splenectomized cats the liver formed glycogen as 
readily when glucose was given into a vein as when glucose was absorbed 
from the intestine. It also formed glycogen when lactic acid was similarly 
given, but the results for infusion by the gut were less regular than would 
be expected from the absorption rates, which were fairly constant. 

Both normal and splenectomized rats formed glycogen in the liver 
after glucose or lactic acid was given by stomach tube. In the experi- _ 
ments with glucose, rats which were anemic following splenectomy did 
_ not form so much glycogen as did normal or non-anzmic splenectomized — 
tats. The anemia was probably the result of precipitation of latent 
Bartonella infection after splenectomy. The formation of glycogen in the 
liver was smaller and less regular after feeding with lactic acid than with 
"glucose. | 

Neither acetylcholine (cats) nor choline chloride (cats and rats) 
increased the formation of glycogen in the liver when given with glucose 
or lactic acid. 

In cats 1-11 M glucose and lactic acid were absorbed from the intestine 
at the same molecular rate. In rats absorption of 50-60 p.c. glucose 
placed in the stomach was approximately six to seven times as fast as 
absorption of 10-17 p.c. lactic acid. As the greater portion of the un- 
absorbed fraction was found in the stomach, and as the amount of lactic 
acid absorbed per 100 g. rat was not increased by using stronger solutions 
of lactic acid, the control exercised by the stomach is suggested as the 
explanation of the different rates of absorption found for cats and rats. 
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INTRAVENOUS INJECTION OF OXYGEN WITH THE 
ANIMAL UNDER ORDINARY AND INCREASED 
ATMOSPHERIC PRESSURE. 

By INDERJIT SINGH. 


(From the Physiological Laboratory, Cambridge, and the 
Medical College, Rangoon.) 


(Recewed March 2, 1935.): 


- Maxy attempts have been made in the therapeutic field to oxygenate the 


blood in cases of anoxemia by routes other than the pulmonary. 
Previously [Singh, 1932-4] attempts were made to determine the actual 
tate of absorption of oxygen when the gas was injected into the subcu- 
taneous tissues, the peritoneal cavity and the stomach. In the present 
work an attempt has been made to estimate the extent to which oxygen 
given intravenously can replace oxygen respired through the lungs. 
Oxygen was injected intravenously into dogs by Nysten [1811], 
Demarquay [1866] and Gaertner [1902], and in 1904 Stuertz 
showed that up to 25 p.c. of the oxygen requirement of large dogs could 
be injected into the veins. Mariani [1902] injected 80 c.c. of oxygen in 
half an hour into a dying phthisical patient, and in 1916 Tunnicliffe 


and Stebbing, who review the work of these earlier observers, gave 


small quantities of oxygen intravenously to three patients. The amount 
given was 10-20 c.c. per min. for periods of 10-15 min. divided by pauses 
of 2-3 min. Bourne and Smith [1927] found that oxygen injected 
intravenously in amounts greater than 0-75 c.c. per kg. per min. caused 
attacks of acute dyspnoea owing to pulmonary embolism. 

In the present research two sets of experiments were performed. In 
the first the dose of oxygen that could be absorbed intravenously under 
ordinary atmospheric pressure was determined. In the second the 
animals were placed under increased atmospheric pressure and oxygen 
injected intravenously, 
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A. EXPERIMENTS WITH THE ANIMAL UNDER ORDINARY 
ATMOSPHERIC PRESSURE, 


Two methods were used to determine the amount of oxygen absorbed 
intravenously. The principle of the first method was to estimate the 
oxygen absorbed through the lungs before, during and after the injection 
of oxygen into the veins with the technique and apparatus described by 
Singh [1932-4]. In the second method oxygen was injected into the 
veins in increasing doses till dyspnoea was produced. Pe 


Fig. 1. 


Oxygen was injected by means of a side tube connected with a 
cannula. The cannula was attached to a burette filled with normal saline 
and was tied into the femoral vein. The injection was made by means of a 
Collin’s syringe of 20 c.c. capacity, as this could be rendered completely 
airtight. Oxygen was prepared electrolytically. The apparatus used is 
shown in Fig. 1. Oxygen was liberated in the U-tube UT and collected in 
the pressure bottle PB,. Before collection, the air in the apparatus was 
washed out through the test-tube 7'7' containing water. From PB, the 
oxygen was displaced into the syringe es, the piston of which was moved 
by turning P to force the gas into the cannula C tied into the femoral 
vein. B is the burette filled with normal saline. . 
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Preliminary experiments were made on cats during which blood- 
pressure tracings were taken to get some idea as to the requisite dosage. 
5 c.c. injected over 10 min. generally caused no change, 10 c.c. usually 
caused a rise in blood-pressure sometimes preceded by a fall, while 
15 c.c. generally caused death. When oxygen is injected at the rate of 


 16.c. in 10 min. in cats, on post-mortem examination the right side of 


the heart is found distended and on palpation crepitations can be felt. 
The right side of the heart, the coronary veins, the inferior and superior 
ven cave and the pulmonary arteries contain bubbles of gas and blood 
arterial in colour. The left side of the heart is blue and contracted and 
contains venous blood. 

Using thg first method three series of experiments were performed on 
fourteen decapitated cats. In the first series consisting of five experiments 
an attempt was made to find the effect of graduated doses of oxygen. The 
initial dose being 5 c.c. injected over 10 min., the dose was increased by 
5 c.c. each time till death was produced. Three preliminary observations 
on normal oxygen consumption were made to study the normal course of 
metabolism. The preliminary observations in the first experiments were 
at half-hourly intervals, but later it was found convenient to have them 
at 12-min. intervals allowing 2 min. between successive observations. 
Metabolism may be rather irregular at the beginning of the experiment, 
in which case it is better to wait till a constant or a constantly declining 
metabolism is obtained. Oxygen was injected into the vein and the 
oxygen consumption noted during and after each injection. It was found 
that 5 ¢.c. injected over 10 min. was just absorbed; 10 c.c. invariably 
caused embolism, while 15c.c. proved lethal. The results of a typical 
experiment are shown in Table I. 


I, 
Amount of 
No. of Time of O, injected consumption 
observation injection c.c.in lOmin. c.c.inl0min. Convulsions 
] 10 a.m, 0-0 100 a 
2 10.30 a.m. 0-0 97 — 
3 1] a.m. 0-0 95 — 
4 11.15 a.m. 5 88 — 
5 11.30 a.m. 0-0 91 —_ 
6 11.45 a.m. 10 82 present 
7 12 noon 0-0 91 — 
8 12.15 p.m. 15 0-0 present 


Temp. 29° C.; pressure 760 mm. Hg. 


In the second series, consisting of five experiments, a subembolic dose 
of 4 or 5c.c. in 10 min. was injected, and the injections were repeated 
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with 2-min. intervals between successive injections over a long period 
varying from an hour to an hour and a half. Three preliminary observa- 
tions were made and then the oxygen was injected slowly at a constant 


rate. The oxygen consumption through the lungs was noted during the 


injection, and after the injection three further observations were made. 
The resulte are summarized in Table IT. 


II. 

= of Amount injected Total amount 

No. . Cat in g. in 10 min.,c.c. injected, c.c. 
1 3390 5 45 
2 2565 4 36 
3 2874 5 45 
4 1440 4 20 
5 1840 4 20 


Temp. 29° C.; pressure 760 mm. Hg. 


In the third series, consisting of four experiments, the dose of oxygen 
was increased by 1 c.c. at a time in successive doses until death occurred. 
The oxygen absorbed through the lungs was determined before injection 


and during and after each injection. In these experiments embolism is _ 


indicated by an abnormal fall in the oxygen respired through the lungs 

during the period of injection, the fall being greater than can be accounted 
for by the amount of oxygen injected, while the observation after in- 
jection records an abnormal rise (Table ITI). 


III. 
Amount of O, consumption in c.c.in 10 min. 
No. of inl0 min. Before During After 
observation C.c. injection injection — injection 

1 0-0 111 

2 0-0 Ill 

3 0-0 111 — — 
4& 5 5 105 111 
6& 7 6 — 92 (embolism) 124 
8& 9 7 91 131 

10 & 11 8 = 117 ie 128 
12 & 13 9 — 99 ” 132 
14 & 15 10 — 99 a 120 
16 & 17 11 ~ 89 ” 55 
(death) 


Weight of cat 1440 g.; temp. 29° C.; pressure 760 mm. Hg. 


Oxygen injected into the veins may be completely absorbed as in-. 


dicated by a decline in the oxygen consumption through the lungs, the 
decline being about the same as the quantity of oxygen injected. Embo- 
lism may be indicated either by a rise or fall in the quantity of oxygen 
respired through the lungs: embolism of a minor degree causes a rise, 
while massive embolism causes a sharp fall. It is seen from the results 
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» that cate absorb about 5 c.c. of insravenous oxygen in 10 min. Oxygen 
has been injected into cats weighing from 1-5 to5kg., and the injection of 
10 c.c, in 10 min. has invariably produced embolism. 

Using the second method, experiments were performed on two rabbits 
weighing 1 kg. each, five cats weighing on an average 2-5 kg. and one 
dog weighing 12 kg. The rabbits were anwsthetized with dial, the cats — 
with urethane, and the dog with chloralose. Oxygen was injected as 
before till some respiratory disturbance took place, this being either 
apnoea or an increase or decrease in the frequency and amplitude of 
respiration. The rabbits could not stand 0-2 ¢.c. of oxygen per min. 
intravenously, while the cats absorbed about 0-5c.c. of oxygen per min., 
and the dog required about 8 c.c. of oxygen per min. to produce em- 
bolism. The latter result is in agreement with the figures obtained by 
Bourne and Smith [1927]. It appears as if the dose of oxygen absorbed 
per kilogram of body weight of animals of different species increases with 
the weight of the animal, but cats varying from 2 to 5 kg. absorb practi- 
cally the same amount of oxygen. The factors determining the absorption 
of bubbles of a given size probably are the distance between the point of 
injection and the heart and lungs and the calibre of the veins along which 
the bubbles travel. In narrow veins most of the bubble is in contact with 
the wall of the blood vessel presenting very little surface to the blood for 
absorption. As the calibre of the vein increases, more of the gas injected 
comes in contact with the blood, while in a large vein the bubbles are 
practically surrounded by blood. A difference in the calibre of the veins 
probably accounts for the difference in dose of oxygen absorbed per 
kilogram of the animal; the individuals of a particular species of animal, 
for example, cats, may differ largely in weight, but may not differ much 
as regard calibre of the veins. This might also explain the discrepancy 
between the results of various observers. Stuertz using large dogs could 
inject intravenously 25 p.c. of the oxygen required by an animal, and 
perhaps man with his large veins would stand a larger dose per kilogram 
as compared with small animals. An additional advantage with increase 
in the size of the animal is that the oxygen consumption, depending upon 
the body surface and not the body weight, decreases per unit weight of 
the animal. 

The dose of oxygen may be increased by injecting the gas into several 
veins. Thus in a dog weighing 15 kg., 12.c. of oxygen per min. was 
required to produce embolism, when it was injected into the digital vein 


of the right foot. On the other hand 20 c.c. of oxygen per min. were in- 


jected for 20 min. before embolism occurred - indicated by apneea), 
PH. LXXXIV. 21 
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when the gas was simultaneously introduced into the digital veins of the 


right and left hindlimbs and the right forelimb. This approaches the 
figure obtained by Stuertz. Slight embolism favours the amount of 
oxygen injected. A minor degree of embolism just produces an increase 
in the frequency of respiration, and when this has occurred the dose may 
be increased by about 25 p.c. without any untoward effect in dogs. 
Consequently a mere increase in the frequency of respiration should 
be disregarded. Bourne and Smith [1927], who determined the O, 
saturation of blood during the injection, also disregarded these respira- 


tory disturbances. 


B. EXPERIMENTS WITH THE ANIMAL PLACED UNDER INCREASED 
| ATMOSPHERIC PRESSURE. 


These experiments were performed to determine whether the dose of 
oxygen administered intravenously could be increased if the animal was 
placed under increased atmospheric pressure. The tension of oxygen in a 
bubble under 1 atmosphere pressure is about 713 mm. Hg if the tension 
of water vapour is taken to be 47 mm. Hg. If the pressure is doubled the 
tension of oxygen would become more than doubled, since the tension of 
water vapour remains the same. Theoretically at a certain pressure it 
should be possible to inject intravenously all the oxygen required by the 
animal. To test this assumption six experiments were performed with 
four cats weighing from 3-5 to 5kg. and two dogs. The cats were 
anesthetized with urethane and the dogs with chloralose. The experi- 
ments were performed in a pressure chamber. The respiratory movements 
were recorded by a lever writing on a ren drum. Oxygen was injected 
in the usual way. 

In two experiments on cats at +1 caiihies pressure the injection 
of 10 c.c. (measured at N.T.P.) in 10 min. caused the frequency of breath- 
ing to increase from 22 to 27 per min. without any other alteration in 
respiration. 20c.c. produced a similar effect. On decompression no bubbles 
could be seen in the blood vessels post-morten, though in an experiment 
at ordinary atmospheric pressure this amount usually causes death, with 
visible bubbles in the heart and blood vessels as described above. 

In the third experiment at +1 atmosphere pressure the cat was made _ 
to breathe air containing 7 p.c. of O,. This corresponds in O, tension to 
14 p.c. of O, at ordinary atmosphere pressure and would produce con- 
ditions akin to anoxemia in a diseased patient and would prevent 
excessive saturation of the blood and tissues with oxygen in our experi- 
mental animal, since the tension of oxygen in the ordinary air is doubled 
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when the atmospheric pressure is doubled. At first 40 c.c. of oxygen were 
injected in 40 min. with the usual increase in the frequency of breathing. 
This was followed by 20 and 40 c.c. during 10-min. periods respectively. 
- Qn decompression no bubbles were found post-mortem, and the cat 
appeared none the worse after the experiment. This amount under 
ordinary conditions would have immediately killed the cat with visible 
bubbles post-mortem. Similar results were obtained in the fourth 
experiment in which a 5 kg. cat under the same conditions received an 
injection of 10'c.c. of oxygen in 10 min. followed by 40 c.c. in 10 min. and 
40 c.c. in 5 min. : 
The fifth experiment, on a dog weighing 16-9 kg., was performed under 

+2 atmospheres pressure, and the results are given in Table IV. 


Tanz IV. 
Total Respiration rate per min. 
of amount Rate per 
0. of injection min. Before After 
C.0. injection injection 
1 10 600 60 17 17 
2 5 465 93 17 17 
3 5 495 99 17 14 
4 5 465 93 18 18 


The O, consumption of the animal as measured by the Douglas bag 
method was 145 .c. per min. This figure is rather high, as, according to 
Voit, the basal metabolism of such a dog should be about 100 c.c. per min. 

The sixth and crucial experiment was performed at +3 atmospheres 

_ pressure on a dog weighing 18-6 kg. A soda lime tube leading to a rubber 


NaOH 

Fig. 2. 

bag was fixed into the trachea (Fig. 2) and the injection of oxygen was 
é started into the saphenous vein. Before fixing the apparatus, about 
200 c.c. of air at +3 atmospheres pressure was blown into the bag by the 
mouth. This arrangement was preferred to complete occlusion of the 
trachea, as in the latter case there might have been mechanical disturb- 
ances of circulation. The dog was kept alive for 16 min., being killed 
_ during the experiment by pulmonary embolism, the result of a fault in 
; the injecting apparatus, which allowed a sudden gush of oxygen into the 
veins. During this period the respiration of the dog was practically - 

_ normal, though slightly increased in frequency. There was no dyspnoea 
: 21—2 
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nor gasping respiration, in fact no kind of respiratory distress was 
noticed, the animal breathing with apparent comfort. It terminated in 
apnea, the usual result of pulmonary gas embolism in dogs. A post- 
mortem examination was performed 1 hour after decompression. The 
tissues contained bubbles of gas as usual as a result of decompressing. 
The gas in the heart was analysed and contained 21-5 p.c. of oxygen, 
showing that. there was no anoxemia. The gas in the bag contained 
17-7 p.c. O, and no carbon dioxide and, as this was in equilibrium with 
the venous blood, the latter was nearly saturated. On incision the blood 
in the arteries, when decompression had progressed half-way, was bright 
red, The rate of injection was about 120c.c. per min., and the oxygen 
consumption of the dog before the experiment was 166c.c. per min. 
This figure again is rather high; the basal metabolism should be about 
110 c.c. This high rate was probably due to shivering induced by cold. 


CONCLUSIONS AND SUMMARY. 


1. Cats can absorb about 5 c.c. of oxygen injected intravenously in 
10 min. 

: 2. With animals of different species the dose per kilogram increases 

with the size of the animal. 

3. Much larger quantities of oxygen can be injected if the animal be 
placed under increased atmospheric pressure. At +1 atmosphere about 
30-40 p.c. of the oxygen required by a cat was introduced without any 
harmful effect. At +2 atmospheres about two-thirds of the oxygen 
required by a dog was introduced, and at +3 atmospheres a dog was kept 
alive without breathing oxygen through the lungs for 16 min. 
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THE AFFERENT FIBRES FROM THE ABDOMEN 
IN THE SPLANCHNIC NERVES. 
By W. A. BAIN, J. T. IRVING anv B, A. MoSWINEY. 
4 (From the Department of Physiology, University of Leeds.) 
(Recewed March 4, 1935.) 


Ir is now well recognized that afferent fibres are contained in many 
autonomic nerves and that the afferent pathways from the abdominal 
viscera are to be found largely in such nerves. Despite the great import- 
ance of the subject, our knowledge of these visceral afferent pathways is 


| fragmentary, mainly due, no doubt, to the lack of a suitable index of 


visceral afferent activity in animals which has precluded systematic 
investigation of the problem. In this paper we describe experiments 
which, we believe, demonstrate that pupillary dilatation in the chlora- 
losed cat affords an index of visceral afferent nerve activity which makes 
possible the investigation of visceral afferent pathways. The experiments — 
dealt with here, and which have already been briefly reported [Bain, 
Irving and McSwiney, 1934 a, b], are concerned exclusively with the 
afferent fibres of the splanchnic nerves. 

The existing evidence for the presence of afferent fibres in the 


. splanchnic nerves has been obtained both from histological and from 
_ eXperimental investigations [Ranson, 1921]. The experimental evidence 


has been obtained principally by observation of the reflex changes which 
follow stimulation of the central end of the divided splanchnic nerve. For 
example, Lehmann [1913] noted reflex inhibition of intestinal peristalsis 
after such stimulation and reflex changes in blood-pressure have been 
observed by several workers on stimulation of either the thoracic sym- 
pathetic chain or the splanchnic nerves [Auer and Meltzer, 1913; 
Burton-Opitz, 1916; Davis, 1922]. Further evidence has been afforded 
by experiments which demonstrate that impulses subserving the sen- 
sation of pain are conducted in the splanchnic nerves. Thus Schrager 
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and Ivy [1928] found that the pain caused by the distension of the bile 
ducts was abolished by section of the right splanchnic nerve, while 
Kappis [1920], amongst others, showed that blocking of the splanchnics 
with local anssthetics could be used clinically for obtaining visceral 
anssthesia. 

The histological evidence is largely based on the observations of 
Langley and of Ranson and his colleagues, and it is of interest to note 
that Langley and Anderson as early as 1894 recognized the existence 
of afferent fibres in the splanchnic nerves and assessed the ratio of 
efferent to afferent fibres in these nerves at about ten to one. 

The cell bodies of these afferent fibres are believed to be situated in 
- the spinal ganglia, but this view has not hitherto been universally con- 
ceded. Dogiel [1900] and Cajal [1900] both considered that the cell 
bodies lay in the sympathetic ganglia and that the pericellular networks 
seen in spinal ganglia were the synaptic terminations of fibres originating 
from these cell bodies. Langley [1905] showed by degeneration experi- 
ments that the cell bodies of the afferent fibres in the splanchnic nerves 
were not situated in the coeliac ganglion. After a histological examination 
of sympathetic ganglia Carpenter and Conel [1914] found no reason 
to suppose that Dogiel’s “sensory” cells were not part of the efferent 
pathways. Ranson and Billingsley [1918], and Kuntz and Farns- 
worth [1931] showed quite conclusively that the cell bodies of afferent 
fibres were situated in the spinal ganglia. Ranson and Billingsley 
pointed out, in addition, that the afferent fibres consisted of non- 
myelinated fibres and myelinated fibres of variable size. Edgeworth 
earlier [1892] demonstrated that the large myelinated fibres of the 
splanchnic nerve passed through the sympathetic ganglia. Johnson 
[1921] likewise found no evidence for the existence of commissural 
neurones in the sympathetic system. Finally Cajal in 1928 admitted 
that the pericellular nerve networks in spinal ganglia, on the existence of _ 
which much of his and Dogiel’s theory rested, were not of constant 
occurrence and represented ephemeral or pathological conditions. 

It is evident that the physiological investigation of visceral afferent 
pathways has depended hitherto on the elucidation of some fairly general 
reflex or the manifestation of pain. The results reported in this paper 
appear to justify our suggestion that a more delicate index of visceral 
nerve activity is afforded by dilatation of the pupil which has long been 
known to follow stimulation of a somatic afferent nerve. 

The actual mechanism of this dilatation has been the subject of some 
difference of opinion. Budge and Waller [1852] and Luchsinger 
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[1880] considered the dilatation to be due to impulses conducted up the 
cervical sympathetic nerves. Luchsinger still obtained the effect after 
section of the spinal cord in the cervical region when a somatic nerve was 
stimulated below the level of section. Anderson [1904] in one experi- 
ment obtained similar results. Karplus and Kreid] [1909, 1910, 1911, 
1918], on the other hand, considered that both the cervical sympathetic 
and the 3rd cranial nerve played a part in producing the phenomenon 
under the control of a centre in the hypothalamus. Other workers have 
put forward the view that the dilatation is mainly due to inhibition of the 
3rd nerve nucleus [Bechterew, 1883; Lieben and Kahn, 1930}. 
Davis [1922], while investigating spinal sympathetic reflexes, was 
apparently the first to observe that stimulation of the thoracic sympathe- 
tic chain caused pupillary dilatation. McDowall [1925] pointed out 
that pupillary dilatation may be used as an index of visceral sensibility ; 
he found that mechanical stimulation of the viscera caused dilatation, but 
he made no attempt to trace the pathways from the abdominal viscera. 


METHODS. 


All our experiments have been performed on cats. Anesthesia was 
induced with ether and, after the insertion of a trachea cannula, chlora- 
lose (Martindale) was injected intravenously. With an appropriate dose 
the pupil becomes constricted and small changes in size are readily 
_ observed. The dosage employed varied slightly from sample to sample 
(0-070-0-085 g. per kg. body weight). Optimum sensitivity of the pupil is 
generally not obtained for half to one hour after any necessary dissections 
are finished, and before beginning our observations the sensitivity of the 
pupil was tested by observing the response to pinching a pad of the foot 
or pinna. 

The pupil was observed either with the naked eye or through a low- 
power microscope with a micrometer scale in the eyepiece; when using 
the microscope the pupil was illuminated with a small lamp. Provided 
that the connections in the skull are intact, stimulation of a somatic or 
’ visceral afferent fibre or sensory end organ on either side of the body 
_ causes dilatation of both pupils. We therefore observed the response of 
either pupil according to the position of the animal. 3 

The splanchnic nerves were dissected out through a lumbar incision 
using a retroperitoneal approach, and a length of nerve from the cceliac 
ganglion to the diaphragm was freed from the surrounding tissue. Two 
ligatures were tied and the nerve or nerves divided between the ligatures. 
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The central end of the nerve was generally stimulated by weak faradic 
shocks using either bipolar or monopolar electrodes ; in some experiments 
condenser discharges were used. 


EXPERIMENTAL RESULTS. 


Stimulation of the central end of the divided splanchnic nerve causes 
immediate dilatation of the pupil. The response is obtained with stimu- 
lating shocks which are imperceptible when tested on the tongue and 
which cause no reflex movement of the animal. The degree of dilatation 
varies, of course, with the strength of stimulus. We, as a general rule, 
use the weakest stimulus which will produce a definite response. 

Dilatation of the pupil produced by stimulating the splanchnic 
nerves, under the conditions of the experiment, might reasonably be 
attributed to spread of the stimulating current to adjacent somatic 
afferent nerves, for even the opening of the wound and the disturbance of 
the tissues incidental to the preparation for stimulation of the nerves 
causes pupillary dilatation. In order to exclude interference from the 
somatic afferent fibres innervating the abdominal wall we transected the 
spinal cord as a routine between the 5th and 6th or the 6th and 7th 
thoracic roots. | 

The spinal canal was approached by a median dorsal incision. The 
necessary spines and laminz were freed from muscle and the transverse 
processes exposed on both sides. The laminw were removed and the cord 
transected. Any bleeding at the level of section was controlled by the 
insertion of a small muscle graft between the two cut ends of the cord. 
The control of hemorrhage at this stage is important, as the presence of 
a blood clot in contact with the central cut end of the cord may keep the 
pupil dilated. Finally, the muscle graft was removed, and if there was 
no bleeding the wound was closed with sutures. 

Stimulation of the central end of the splanchnic nerve after tran- 
section of the spinal cord between the 5th and 6th or 6th and 7th thoracic 
roots causes dilatation of the pupil. 

‘ To demonstrate that afferent impulses are conducted by fibres of the 
sympathetic chain we did experiments of the following type. The cord 
having been divided between the 6th and 7th thoracic roots, the central 
end of the splanchnic nerve is stimulated causing dilatation of the 
pupil (Fig. 1 A). The right sympathetic chain is then crushed and divided 
in the thorax between the 6th and 7th rami. Stimulation of the central 
end of the right splanchnic nerve is now ineffective (Fig. 1B); but 
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stimulation of the central end of the left splanchnic nerve still causes 
dilatation. 


—_ 
Fig. 1 A. Fig. 1B. 


Fig. 1. Illustrating that afferent impulses are conducted by fibres of the sympathetic 
chain. A, stimulation of central end of right splanchnic nerve after transection of 
cord causes dilatation of pupil. B, after division of right sympathetic chain stimulation 
of the central end of right splanchnic nerve is ineffective. C.G.=ciliary ganglion. 
S.C.G. =superior cervical ganglion. S.G.=stellate ganglion. 


_ We conclude from such experiments that on stimulation of the 
splanchnic nerve afferent impulses enter the spinal cord by way of fibres 
in the thoracic sympathetic chain. 
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Sensory pathway between the thoracic sympathetic chain and the spinal cord. 
It is generally recognized that the course of the afferent fibres from 
the sympathetic chain to the spinal cord is via the white rami and the 


Ill nerve 
C.G. 


Fig. 2A. Fig. 2 B. 

Fig. 2. Dlustrating that afferent fibres from the splanchnic nerves enter the spinal cord via 
dorsal roots as high as the 4th thoracic dorsal root. A, stimulation of central end of 
left splanchnic nerve after transection of cord and division of 5th and 6th thoracic 

' dorsal roots causes dilatation of the pupil. B, after division of 4th thoracic dorsal root 
stimulation of central end of left splanchnic nerve is ineffective. (Lettering as Fig. 1.) 


dorsal roots, though certain observers, notably Foerster and his col- 
leagues [1929]; affirm that some of the fibres enter by the ventral roots. 
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We have endeavoured in a series of experiments to determine the highest 
level of entry into the spinal cord of afferent fibres from the splanchnic 
nerves 
ventral roots. 

The left splanchnic nerve is dissected out, tigate and divided. 
After transection of the cord between the 6th and 7th thoracic roots the 
5th and 6th dorsal roots are cut on the left side. Stimulation of the 
central end of the left splanchnic nerve causes dilatation of the pupil 
(Fig. 2A). The 4th dorsal thoracic root is now divided on the left side. 
Stimulation of the central end of the left splanchnic nerve fails to elicit a 
response (Fig. 2B) though pinching of the pinna causes dilatation. 

The highest level of entry of afferent fibres into the spinal cord appears 
to vary in different cats, but in the great majority of animals fibres have 
been found to enter the cord via the 3rd thoracic dorsal roots. Of seven 
animals we found the highest entry in five to be the 3rd thoracic and in 
two to be the 4th thoracic dorsal roots. As the response to stimulation 
of the splanchnic nerve is abolished after division of the dorsal roots, we 
conclude that in the cat all the afferent fibres enter the spinal cord by 
these roots, at least in the upper thoracic region. 

The afferent fibres are found to run from the sympathetic chain into 
the spinal cord by the white rami, splanchnic afferent fibres being 
contained in all the white rami from the 3rd thoracic to the lst lumbar 
ganglia inclusive. The strength of stimulus just sufficient to evoke a 
response increases as the white rami are successively divided and similar 
results are obtained if the spinal roots are cut one by one. It is thus 
demonstrated that visceral afferent fibres enter the spinal cord from the 
sympathetic chain via the white rami and the dorsal roots. 


Cell stations in the visceral afferent pathway. 


We have attempted to obtain evidence of the existence of cell stations 
in the spinal and lateral sympathetic ganglia. In one series of experi- 
ments the cord was transected between the 4th and 5th or 5th and 6th 
thoracic roots and the spinal ganglia above the level of section were 
painted with 1 p.c. nicotine. In a further series the sympathetic ganglia 
in the conducting pathway were painted with nicotine. The results are 
illustrated in the following two protocols: 


and cut. Spinal cord transected between the 4th and 5th thoracic roots. Stimulation of 
central end of right splanchnic nerve causes instant dilatation. 3rd and 4th thoracic spinal 
ganglia on right side painted with 1 p.c. nicotine. Stimulation of right splanchnic nerve 
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causes, as before, dilatation (Fig. 3A). After division of 3rd and 4th dorsal thoracic roots 
the response to stimulation of the splanchnic nerve is abolished (Fig. 3 B). 


3-5 kg. cat. Chloralose anzsthesia. Spinal cord transecied between the 6th and 7th 


thoracic roots. Thorax opened, sympathetic chain divided between the 4th and 5th rami. 


Ill nerve 
C.G. 
Cervical 
sympathetic 
S.G. S.C. 
Fig. 3 A. Fig. 3B. 


Fig. 3. Illustrating absence of cell stations in spinal ganglia. A, stimulation of central 
end of right splanchnic nerve after transection of cord and painting 3rd and 4th thoracic 
spinal ganglia with nicotine causes dilatation of pupil. B, after division of 3rd and 
4th thoracic dorsal roots stimulation of central end of right splanchnic nerve is in- 
effective. (Lettering as Fig. 1.) 


The ganglia corresponding to the 5th to the 12th rami inclusive painted with 1 p.c. nicotine. 
The chain is mobilized below the ganglion corresponding to the 12th ramus and stimulated. 
Dilatation of the pupil occurs. Both right and left cervical sympathetic nerves divided. 
‘Stimulation of the sympathetic chain causes dilatation as before. ) 
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We conclude from such results that the splanchnic afferent fibres do 

not possess synaptic junctions, either in the dorsal root ganglia or in the 

_ Jateral sympathetic ganglia, comparable to those which exist in the 
; sympathetic ganglia for the efferent sympathetic fibres. 


Influence of the suprarenals and of blood-pressure changes. 
The pupillary dilatation observed on stimulation of either a somatic 
_ or visceral afferent nerve occurs after such a short latent period that there 
_ js little likelihood of the initial response being hormonal in origin. We 
have been able to demonstrate that dilatation of the pupil occurs equally 
well after the suprarenal glands have been tied off as when they are 
intact. McDowall [1925] has made the same observation. 
Large changes of blood-pressure are known to influence the pupillary 
. width. Karplus and Kreid] [1909] found, however, that hypothalamic 
stimulation caused dilatation without alteration of the blood-pressure, 
and McDowall [1925] has stated that stimulation of a sensory nerve 
can cause pupillary dilatation without change of the blood-pressure. 
We have recorded the blood-pressure while observing the reaction of 
the pupil to stimulation of the splanchnic nerve. Although rises in blood- 
pressure often accompany dilatation produced by stimulation of the 
nerve, the dilatation can be abolished by appropriate nerve or cord 
section without influencing the blood-pressure response. For example, 
after transection of the cord between the 3rd and 4th thoracic roots, 
stimulation of the central end of the cut left splanchnic nerve causes a 
rise in blood-pressure and dilatation of the pupil. Stimulation of the 
nerve, after section of the 3rd left thoracic dorsal root, still causes a rise 
of blood-pressure, but pupillary dilatation is abolished. Finally, stimu- 
lation of the peripheral end of the divided splanchnic nerve causes either 
no change in the size of the pupil or else a dilatation after a latent period 
of several seconds; while stimulation of the intact splanchnic nerve causes 
an immediate dilatation which may or may not be followed, several 
seconds later, by a secondary slow dilatation. The secondary dilatation 
no longer occurs when the nerve is cut, and the central end stimulated. 
In view of this evidence we suggest that the pupillary dilatation observed 
on stimulation of the central end of the cut splanchnic nerve cannot be 
due to blood-pressure change or to the liberation of adrenaline. 


' The nerve pathway to the pupil. 
As previously stated, opinion is divided as to whether reflex pupillary 
dilatation elicited by stimulation of an afferent somatic nerve is due to 
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conduction of impulses by the cervical sympathetic nerves innervating 
the dilator pupille or to inhibition of the nucleus of the third nerve or to 
both occurring simultaneously. We have examined the various hypotheses 
and find that under the conditions of our experiments the dilatation of 
the pupil elicited by stimulation of the central end of the cut splanchnic 
nerve appears to be due to inhibition of the 3rd nerve nucleus. ; 

Our evidence is briefly as follows: In the first place after section of 
the 3rd nerve on one side the reflex dilatation of the corresponding pupil 
is abolished though the reactions of the opposite pupil are unaltered. It 
is true that the pupil dilates after division of the nerve, but even after 
the pupil has been constricted by instilling eserine solution, no response 
is obtained on stimulation of the splanchnic nerve. It might be held 
that eserine interferes with the sensitivity of the pupil. We have tested 
this possibility and find that the drug does not alter the sensitivity of the . 
reaction to stimulation of the cervical sympathetic fibres. Further, 
Anderson [1904] has used eserine in many of his investigations without 
apparent disadvantage. Again, transection of the cord in the cervical 
region renders both pupils unresponsive to splanchnic stimulation, 
though stimulation of any nerve entering the cord above the level of the 
cord section evokes an immediate dilatation. Finally, section of the 
cervical sympathetic nerves has not been found to alter either the rate 
or the degree of the reaction to stimulation of somatic or visceral afferent 
fibres. 

We conclude, therefore, that under the conditions of our r experiments 
the reflex pupillary dilatation which we use as an index of visceral nerve 
activity is due mainly, if not solely, to inhibition of the 3rd cranial nerve 
nucleus and not to impulses conducted to the dilator pupille muscle via 
the cervical sympathetic nerves. | 


SuMMARY. 

Stimulation of the central end of the cut right or left splanchnic nerve 
in the cat anesthetized with chloralose causes immediate dilatation of 
the pupil. This dilatation is not due to blood-pressure changes or to the 
liberation of adrenaline. Further, the response is not dependent on the 
_ existence of somatic afferent pathways, as the dilatation is still obtained 
on stimulation of the central end of the cut right or left splanchnic nerve 
— transection of the spinal cord between the 5th and 6th thoracic 
roo 

The splanchnic afferent fibres enter the spinal cord from the sym- 
pathetic chain vva the white rami and the dorsal roots. Splanchnic 
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afferent fibres are contained in all the white rami from the 3rd thoracic 
to the 1st lumbar inclusive. 

The splanchnic afferent fibres do not possess synaptic junctions, 
either in the dorsal root ganglia or in the lateral sympathetic ganglia, 
comparable to those which exist in the sympathetic ganglia for sym- 
pathetic efferent fibres. 

Under the conditions of our experiments reflex pupillary dilatation, 
which we have used as an index of vigceral nerve activity, is due mainly 
if not solely to inhibition of the 3rd cranial nerve nucleus. 


The expenses of this investigation have been defrayed in part by a grant from the 
Government Grants Committee of the Royal Society. 
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STUDIES IN EXOPHTHALMOS. THE EFFECT OF 
CERTAIN SYMPATHOMIMETIC SUBSTANCES 
ON THE EYE OF THE CAT AND DOG. 


By CHAS. E. BRUNTON. 


(From the Department of Physiology, London Hospital 
Medical College.) 


(Recewed March 5, 1935.) 


Tus work was undertaken in order to extend, in the light of the know- 
ledge of neuromimetic substances gained by Dale and his associates, the 
observation of Claude Bernard that stimulation of the cervical sym- 
pathetic nerve may produce exophthalmos as well as dilatation of the 
pupil of the eye. Can a sympathomimetic substance be found which will 
produce exophthalmos as it usually occurs in Graves’ disease without 
much increase of blood-pressure or dilatation of the pupil? If so, how 
are its effects modified by the active principles of the thyroid, pituitary 
and other endocrine glands? Can true exophthalmos (true proptosis) be 
separated in animals from increase of the palpebral fissure due to re- 
traction of the lids? What is the mechanism by which proptosis is pro- 
duced in Graves’ disease? This paper deals with protrusion of the eyeball 
produced in dogs and cats by ephedrine and “‘epinine” hydrochlorides. 
‘‘Epinine” (Messrs Burroughs Wellcome and Co.) is 3: 4-dihydroxy- 
phenylethylmethylamine. 

METHODS. 


Cats were anesthetized either by alcohol, chloroform and ether and 
then intravenous chloralose 0-08-0-10 g. per kg. or by “Dial” (Dial 
Liquid Compound Society of Chemical Industry, Basle) 0-75-1-0 o.c. per 
kg. given intraperitoneally. It was necessary to increase slightly the dose 
of the latter after the bottle had been opened for about a fortnight even 
though it had been kept in the refrigerator. Dogs were anesthetized with 
chloralose after induction with chloroform and ether mixture. A carotid 
cannula was used to obtain blood-pressure records; the head was fixed in 
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a stand, and a lever with frontal writing point (Fig. 1) was arranged to 
record the movements of the eyeball forwards and backwards along the 
optical axis of the eye. It was necessary to ensure that movements of the 
globe in other directions should not produce records that would be 
mistaken for the movements which it was desired to study. For instance, 
rolling of the globe will produce a false record owing to differences in 
curvature of the cornea and sclera. So the transverse diameter of the 
pupil was measured by fine-pointed dividers and the short end of the 
~ Jevel was placed at the mid-point of the outer margin of the pupil. Its 
relation to the upper lid was also noted. If the pupil dilated, its new 
diameter enabled the position of the lever to be verified. If the globe itself 
en its new position could be ascertained by the relation of the pupil 
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(changed or unchanged) to the lid. In all these experiments the writer or 
an assistant watched the eyeball closely at the time the injections were 
being made so that false records could be rejected without hesitation. No 
movement of the writing point on the record was accepted as evidence of 
exophthalmos unless it exceeded 0-7 cm. This corresponded to a move- 
ment of more than 2:25 mm. at the front of the globe. Usually the record 
was completely horizontal when the animal was at rest, but on a few 
occasions injections produced considerable hyperpneea and a motion of 
about 0-5 mm. at the eyeball owing to very slight movement of the head 


in 


F on £. The frontal point G records on a moving drum H. 


the stand. 


Measurements were also made of (a) the distance of the nictitating 
membrane lateral to a suitable mark at the inner canthus of the eye 
arbitrarily chosen in each animal, (b) the separation of the lids at the mid- 
point between the inner and outer canthuses, and (c) the longest horizontal 


PH. LXXXIV. 


Fig. 1. Lever for recording movements of the globe of the eye. The short end A of the lever 
rests on the cornea. This part can be lengthened by withdrawing it from the hollow 
part of the arm at B. The movable weight on C is used to counterpoise movements of 
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diameter of the pupil (Fig. 2). Sometimes the separation of the lids was 
greater nearer the inner canthus than at this mid-point, but the mid-point 
measurement was retained although it suggested rather less retraction of 
the lids than might fairly have been reported. On a few occasions it was 
necessary to raise the nictitating membrane or move the lower lid in order 
to measure the pupil. 


mark, B=separation of lids. C=horizontal diameter of pupil. D=direction of 
greatest lid retraction in some cases. 


The drugs to be studied were injected through a cannula into the 
femoral vein and were washed in by 0-5-1-0 c.c. of 0-9 p.c. saline. 


RESULTS. 
Ephedrine hydrochloride. 

Doses of 0-3-1-0 mg. per kg. produced retraction of the nictitating 
membrane and lids in chloralosed cats and dogs. The retraction might 
persist for 2 hours though the blood-pressure had only risen about 
- 10mm. Hg when the drug was first given. A similar rise in blood-pressure 
produced by mechanical means was not followed by retraction of the 
membrane and lids. 

A further effect of ephedrine was seen in a few cases: a protrusion of 
the globe of the eye which might persist for 30-60 min. after the blood- 
pressure had returned to normal and which was accompanied by little 
dilatation of the pupil (Figs. 3 and 4). Only two out of twelve cats under 
chloralose and none of the fourteen under dial had sufficient proptosis to 
fulfil the criteria laid down. In four other cats proptosis of a smaller 
degree probably occurred. Lid retraction, however, followed the drug in 
all cases except one, where its absence cannot be explained. This lid 
retraction usually gave the appearance of exophthalmos. Of four dogs 


tested all showed lid retraction and one a definite protrusion of the 
globe. 
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_ Neither section of the cervical sympathetic nerve (three exps.) nor 
ligature of all adrenal veins, confirmed post-mortem (five exps.) had any 
apparent influence on the incidence of the effects described above. In a 
few experiments on decerebrate cats, lid retraction was always obtained 


ee 3. Effect of ephedrine HCl on the globe of the eye. Records from above downwards 
show (1) front of eyeball. Descent of line shows protrusion of globe magnified 3-4 
times on original record (compare cm. scale on record); (2) blood-pressure from carotid 
artery. At the beginning of the record the pressure is oscillating between 86 and 96 
mm. Hg. (3) time in 2 sec. periods; (4) signal of intravenous injection of ephedrine 
hydrochloride 1-0 mg. per kg. The signal lever is writing 5 mm. to the left of the other 
records. A shows protrusion of the globe and rise of blood-pressure after ephedrine. 
The temporary fall towards the end of this part is probably due to vagus effects. 
Bat7 min. 6sec. after the injection. The blood-pressure has begun to fall. C at 15 min. 
after injection. The blood-pressure is only about 14 mm. above the level before the 
injection but the protrusion of the globe persists unchanged. The subsequent progress 
of the experiment is shown in Fig. 4. 


but no proptosis occurred. No response to ephedrine took place after 
ergotoxine ethane sulphonate had been given in sufficient amount to 
reverse the response of the blood-pressure to about 0-03 mg. adrenaline 
per kg. 
Each animal was tested several times with equal or increasing doses of 
ephedrine. Repetition produced responses only when the original dose 
22—2 
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was small (0-3-1-0 mg: .). After such doses a further dose of 2-0 mg. 
per kg. sine ie pte response. After three or four small 
doses or after a dose of 2 mg. per kg. it was rarely possible to produce any 
effect until several hours had passed. Analogous results have been reported 
[Chen and Schmidt, 1930] when the drug acted on other tissues. 


1.PROTRUSI 
10r 
BP 
4 
160- 8r 
140— \ 
| 
120-6 
/ \ 3.BLOOD- 
4.DIAMETER 
40- 
SNICTITATING 
0! 
12.0 12.30 1.0 1.30 2.0 
NOON 
_ Fig. 4. Effect of ephedrine HCI on globe and eyelids. Subsequent lofexophthaln 


At A ephedrine hydrochloride 1-0 mg. per kg. was given intravenously. At B an 
injection of yohimbin lowered the blood-pressure which had already fallen almost to 


the resting level. At C an injection of the preparation F. 933 was followed by 
cession of the globe. | 


Epimme hydrochloride. 

Intravenous injections of epinine in doses of 1-0 mg. per kg. produced 
retraction of the lids and sometimes protrusion of the globe in chloralosed 
cats. Dilatation of the pupil was greater than when ephedrine was used. 
Subsequent small doses (0-5 mg. per kg.) were effective after an hour’s 
interval, while even a total dose of 6-0 mg. per kg. within 12 min. after a 
previous dose of 1-0 mg. per kg. elicited no response. 
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Discussion. 


It was hoped to find a substance chemically related to adrenaline 
which would produce protrusion of the eye without noticeable dilatation 
of the pupil or rise of blood-pressure. Success has been reached occasion- 
ally when ephedrine has been given to chloralosed cats, but in the case of 
cats under dial or cats to which epinine has been given, the dilatation of 
the pupil is considerable. In clinical cases of exophthalmos such dilata- 
tion is not usually present. The strict criterion of proptosis which was 
adopted involved the exclusion of all proptosis of less than 2-25 mm. The 
positive results reported are almost certainly too low. Justin-Besangon 
[1934] has noted the failure of some animals to respond to ephedrine. 
With hiscolleagues[J ustin-Besangon, Kohler,Schiff-Wertheimer 
and Soulié, 1931] he noted the exophthalmic effect on dogs of ephedrine, 
ephedrone, adrenaline and tyramine, studying their threshold doses and 
also the effect of other substances administered before or after these 
sympathomimetics. The present work confirms generally his results and 
extends them by making graphic records from the eyeball. The writer is 
often unable to distinguish by photographs or even by direct observation 
between lid retraction and protrusion of the globe. A recording lever is 
necessary for this purpose. 

The production of proptosis by ephedrine after section of the cervical 
nerve and after ligature of the adrenal veins suggests that the action of 
the drug is local. 

Several facts render difficult if not impossible any explanation of 
proptosis based on increased pressure in the eyeball or in the vessels of 
the orbital cavity. Patients with exophthalmos rarely suffer from ab- 
normalities of vision unless the condition is severe enough to injure the 
cornea, and it is generally assumed that the intraglobar tension is normal. 
This cannot be measured directly in human subjects and indirect methods 
have been criticized [Duke Elder, 1934], but glaucoma, with its high 
ee intra-ocular tension, is not accompanied by exophthalmos. Further 

__ @xperiments may decide this question definitely for cats and dogs. As 
regards increased local blood-pressure, many animals which respond to 
ephedrine by raised systemic blood-pressure show no exophthalmos. It 
might be answered that the local venous arrangement was different in 

z their orbital cavities. This objection may perhaps be removed later by 
} _ histological examination and, meanwhile, other facts render difficult the 
: explanation of proptosis by increased intra-orbital pressure: (1) When 
proptosis is produced by ephedrine it lasts for considerable periods after 
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the blood-pressure has returned to normal. (2) Exophthalmos can be 
produced within the first few minutes after death by stimulation of the 
cervical sympathetic nerve and cannot then be due to high blood-pressure. 
Yet it is possible, though unlikely, that drainage from the orbit may some- 
times be impeded by muscular constriction of the efferent veins. An 
anatomical study has been begun in the case of cats and dogs, but it is 
usually stated that in human subjects the venous anastomoses at the 
inner canthus, etc., preclude any explanation by delayed venous return 
of the exophthalmos of Graves’ disease. 

If ephedrine and epinine act on smooth muscle in the orbit the per- 
sistence of their effect may be expected there as in other muscles. Just as 
ephedrine in suitable doses is said to dilate the pupil or accelerate the 
heart after removal of the appropriate ganglia and degeneration of the 
postganglionic nerves (Chen and Schmidt, 1930], so it may act on the 
eyeball. Experiments to test this suggestion are in progress. No general 
conclusion can be drawn from the inactivity of ephedrine after ergotoxin. 


SuMMARY. 


1, In twenty-five out of twenty-six cats under chloralose or dial, 
ephedrine hydrochloride in doses of 0-3-0-5 mg. per kg. produced re- 
traction of the nictitating membrane and eyelids, often with little 
dilatation of the pupil. In each of four dogs the same type of retraction 
occurred. 

2. The appearance of exophthalmos produced in this way may be 
distinguished from true protrusion of the eyeball by means of a balanced 
lever resting lightly on the cornea and recording by a frontal se 
point on a moving drum, 

3. True proptosis or protrusion of the globe of more than 2:25 mm. 
occurred in two cats under chloralose, and smaller degrees almost 
certainly occurred in four other cats. Out of four dogs under chloralose 
proptosis was obtained in one case. The exophthalmos persisted for a 
considerable time after the blood-pressure had returned to the resting 
level. 

4, All the effects of ephedrine could be obtained in cats (a) after 
section of the cervical sympathetic nerve, or (6) after ligation of the 
adrenal veins, but none was obtained after administration of ergotoxin. 
The action of ephedrine is thought to be on sympathetic nerve endings or 
on muscle. 

5. Epinine can also produce retraction of the nictitating membrane 
and lids as well as exophthalmos in cats. 
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UNDULATORY CHANGES, OF UTERINE ORIGIN, 
~ IN THE ARTERIAL BLOOD-PRESSURE. 


By K. J. FRANKLIN. 
_ (From the University Department of Pharmacology, Oxford.) 
(Received March 8, 1935.) 


Barorort and Nistmarv [1932] described undulatory changes of 
blood-pressure due to the rhythmical movements of the spleen. During a 
class experiment the present writer observed similar changes due to the 
movements of the uterus. 
EXPERIMENTAL, 
A female cat was anesthetized with ether and chloroform, decapi- 
tated by the Sherrington method, and tied on to a suitable board. 
A venous cannula was inserted into the right external jugular vein, and an 
arterial cannula into the left carotid artery. The abdomen was then 
incised, and the right horn of the uterus brought to the surface. The size 
and empty state of the uterus, and the condition of the mammary gland, 
showed that parturition had taken place not many-days previously. At 
two points threads were passed through the musculature of the uterine 
horn, and tied on to a double-pronged rod. A third thread was passed 
_ through the muscle, at a point intermediate between these two, for 
attachment to the recording lever. The abdominal incision was then 
partially sewn up in such a way that the uterine horn was outside the 
abdomen for the greater part of its length, and its blood vessels were 
unconstricted. The board with the preparation on it was next slid at an 
incline into a tank of normal saline at 37° C., until the whole of the 
animal, except the neck and upper part of the thorax, was immersed. 
The uterine thread was attached to a frontal writing lever and the 
arterial cannula to a mercury manometer. After the normal class tracing 
(effects of adrenaline, histamine, and pituitrin) had been made, the pre- 
paration was allowed to rest for 20-30 min. Then a second record was 
taken showing three or four normal uterine contractions, and a number 
of more rapid contractions which followed the injection of 0-025 c.c. 
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RESULTS. 


The tracing reproduced herewith shows the last of the regular 
spontaneous rhythmic movements, and three of the more rapid ones 
induced by the pituitrin. Oscillations of blood-pressure occurred: with 
each uterine contraction and, except for the one just after the injection, 
began a second or two after the corresponding uterine contractions. The 


Fig. 1. Record of uterine movements (contraction upwards) and of arterial blood-pressure 
in a decapitated cat. Corresponding points on the two curves are indicated in Chinese 
white. At the arrow, injection of 0-025 c.c. pituitrin. 


pituitrin rise of blood-pressure came on just before the uterine move- 
ment, but even in this case there was an oscillatory change, the duration 
of which, like that of the others, was related to the duration of the uterine 
contraction. 

CoNCLUSIONS. 

The parallelism between the uterine movements and the oscillations 
of arterial blood-pressure allow one to presume that the former were 
responsible for the latter. One may provisionally assume the mechanism 
to have been a compression of the intra-uterine vessels by the uterine 
musculature, resulting either in a resistance to arterial inflow, or in an 
increased venous return, or in both effects. Predisposing causes for the 
appearance of the waves in this case were the large size of the uterus and 
the low 

Summary. 


Undulatory changes of blood-pressure occurred in a decapitated cat, 
parallel with the movements of the uterus. 


‘REFERENCE. 
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ADRENALINE VASO-DILATATION IN 
VOLUNTARY MUSCLE. 


By G. A. CLARK. 
(From the Department of Physiology, Sheffield University.) . 
‘(Received March 9, 1935.) 


THE presence of vaso-dilator fibres in the sympathetic nerve supply to the 
hindlimb of the dog has been clearly shown by Burn [1932], and the 
experiments of Biilbring and Burn [1934] indicate that these fibres are 
cholinergic in nature. The latter authors state that they “have observed 
no vaso-dilator effect in cats prepared for perfusion in the same way ”’, but 
a personal communication from Dr Burn indicates that this genera 
statement refers not to dilator fibres of all types, as might be inferred, but 
only to cholinergic fibres. Experiment clearly shows that in the cat a 
minute dose of adrenaline will produce vaso-dilatation in the vessels of 
muscle [Clark, 1934], and other evidence, some of which is given below, 
indicates that this action is related to the activity of sympathetic nerve 
endings. In view of the fact that blood drawn from the suprarenal vein 
during splanchnic stimulation will, on injection into the external iliac 
artery, produce the same effect as a small amount of synthetic adrenaline 
[Clark, 1934], it seems probable that the dilator action of the nerve 
fibres in muscle may be brought into play under natural conditions 
associated with an increase in the adrenaline content of the blood. It is 
true of course that an acetylcholine-like substance has been demonstrated 
in the blood of the suprarenal vein during splanchnic stimulation, but 
only after injection of physostigmine into the experimental animal 
[Feldberg and Minz, 1933]; without physostigmine the substance is so 
rapidly destroyed that its presence cannot be demonstrated. It is highly 
improbable, therefore, that the dilator effect of suprarenal blood is due to 
acetylcholine. In the hope of elucidating the normal relative activity of 
dilator and constrictor effects in muscle and the action of adrenaline on 
these effects, further experiments have been carried out. 

. In general the method was the same as that previously described 
(Clark, 1934] and consisted in recording the venous outflow from a 
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group of muscles in the hindlimb of a cat anesthetized with chloralose: 
clotting was prevented by injection of ‘“‘Novirudin”. Adrenaline was 
given into the external iliac artery by means of a syringe, the needle of 
which was introduced into the stump of the common internal iliac trunk. 

Bilbring and Burn [1934] found that vaso-dilatation produced in 
the limb of the dog by stimulation of the lumbar sympathetic cord was 
abolished by atropine, suggesting the cholinergic nature of the nerve 


Fig. 1. Upper record: blood-pressure. Lower record: rate of venous outflow; figures 
indicate flow in c.c. per min. A, 0-05 c.c. adrenaline dil. 1 x 10* intra-arterially at A, ; 
B, 0-05 c.c. adrenaline dil. 1 x 10* intra-arterially at A,. Between A and B 2 mg. 
atropine sulphate per kg. given intravenously. 


fibres responsible for this effect. In the cat the dilator response to a 
minute dose of adrenaline given intra-arterially is not abolished by 
atropine. Fig. 1 shows the usual double response to adrenaline in a limb 
whose sympathetic nerve supply had been removed by exsection of the 
lumbar sympathetic cord 21 days previously ; 2 mg. atropine sulphate per 
kg. was given intravenously causing a fall in blood-pressure from 70 to 
40 mm. Hg, but intra-arterial injection of adrenaline 3 min. later still 
produced a dilator effect. The effect is quantitatively less, but this is to be 
expected in view of the fall in blood-pressure and also because the dilator 
effect of adrenaline soon disappears after repeated injections in the 
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denervated limb. The observation that atropine does not prevent adrenal- 
ine dilatation in the cat has also been made on fully innervated limbs. 
The effect of physostigmine on adrenaline dilatation was investigated, 
but in many cases it was found that 0-01 mg. physostigmine dissolved in 
0-05.c.c. of saline and given intra-arterially produced some degree of 
dilatation. In those cases where no such effect was seen, however, the 
addition of 0-01 mg. physostigmine to 0-05 c.c. adrenaline diluted 1 x 10° 
injected intra-arterially did not increase the dilator action of the adrena- 
line. These results suggest that cholinergic dilator fibres do exist in the 
cat’s limb but that in addition there are dilator fibres activated by 
adrenaline; it is possible that the distribution of the two sets of fibres is 
different. It was observed that physostigmine alone had a greater 
dilator effect when the blood-pressure was not less than 100 mm. Hg, 


and it may be that the degree of dilatation produced was a measure of the 


dilator tone exerted by cholinergic fibres in opposition to constrictor 
tone; with a low degree of constrictor tone, on the other hand, dilator 
tone would be unnecessary as a factor controlling pressure level, and the 
presence of acetylcholine would not be expected. 

Several attempts have been made to dissociate the dilator and con- 
strictor effects of adrenaline by other means than the use of ergotoxine, 
and it was found that after a degree of 
asphyxia producing cardiac embarrassment 
with fall in blood-pressure, even when the_ 
asphyxia was relieved, the intra-arterial in- 
jection of 0-05 c.c. adrenaline diluted 1 x 10° 3m 
produced only a dilator effect in muscle and am 
this effect tended to persist; six times this 
amount of adrenaline gave a suspicion of vaso- 
constriction only. This experiment suggested 
the possible exhaustion of constrictor sub- 
stance (Cannon’s Sympathin E) and an 
attempt was made to produce this exhaustion 
by electrical stimulation of the lumbar sym- 


venous outflow from muscles 


pathetic cord. Fig. 2shows the effect of giving _° hindlimb. Txt" given 
a small amount of adrenaline 3 min. after the presage § 3 min. after 
cessation of stimulation lasting 8 min. of the pe me aca 
lumbar sympathetic cord by means of induc- 
tion shocks at the rate of 40-50 per sec. Towards the end of the 8 min. 
period the blood-pressure was beginning to fall, but the rate of venous 


outflow was still only one-quarter of the flow before stimulation so that 
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constrictor exhaustion was far from complete. A pure dilator action was 
still evident 20 min. later as a result of a similar dose of adrenaline, 
whereas prior to electrical stimulation the typical double action was — 


produced. 


In animals in which the sympathetic supply to the limb has been — 
removed by exsection of the lumbar sympathetic trunk two or more weeks 
previously, it was found that the dilator effect of adrenaline was sooner 
exhausted by repeated injections than in animals with normal innerva- 
tion, and the effect of these repeated injections appeared to be to cause a 


_ lasting increase in vascular tone. This is illustrated in Fig. 3, where A 


shows that three consecutive injections of adrenaline do not appear to 


Fig. 3. Blood-pressure and venous outflow from muscles of hindlimb. Lumbar sympathetic 
cord removed 25 days previously. A, three injections of 0-05 .c. adrenaline dil. 
1 x 10° intra-arterially indicated by squares; B, 0-05 c.c. adrenaline dil. 1 x 10* intra- 
arterially. Between A and B 0-5y adrenaline given and blood-pressure raised by in- 
creasing venous return from reservoir. 


give the same prolonged dilator effect previously described in the inner- 
vated limb (Clark, 1934]: between A and B small amounts of adrenal- 
ine were given intra-arterially, the dilator response to each becoming 
progressively less, until a total of 0-5 adrenaline had been injected. The 
blood-pressure was raised by increasing the venous return to the heart 
from the reservoir connected with the jugular vein, to the level shown in 
Fig. 3B, but this increase in pressure was insufficient to restore the blood 
flow through the muscles to the original rate shown in Fig. 3A. Moreover, 
no dilator response could be elicited by an amount of adrenaline which 
had previously produced dilatation; only constriction was evident. This 
is of considerable interest in view of the evidence of Burn [1932] in the 
dog that the addition of adrenaline to the blood perfusing a limb facili- 
tates the dilator response to sympathetic stimulation. Apart from the 
difference in experimental animals, however, there is the difference that — 
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in Burn’s case the limb was acutely denervated, while in the above 
experiment denervation had been carried out 25 days previously. 

If adrenaline was injected intra-arterially while the lumbar sympa- 
thetic cord was being stimulated and care taken to ensure that the 
adrenaline was not diverted into the opposite iliac artery by the greater 
flow of blood down that vessel, it was found that both dilator and 
constrictor phases were relatively increased. This is illustrated in Fig. 4, 
where the initial response to adrenaline is shown at A, giving @ 37 p.c. 
increase in the rate of flow followed by a 20 p.c. decrease compared with 
the initial rate. During stimulation of the lumbar sympathetic cord by 


Fig. 4. Blood-pressure and venous outflow from muscles of hindlimb. A and A,, 0-05 c.c. 
adrenaline dil. 1 x 10* intra-arterially; 8, beginning of electrical stimulation of lumbar 
sympathetic cord. 


induction shocks at 40-50 per sec. with a strength of stimulus just short 
of that which caused muscular movements due to spread of current, the 
same dose of adrenaline gave a 56 p.c. increase in the rate of flow, but this 
was of slightly shorter duration than that prior to stimulation; the 
increase was followed by a decrease of 45 p.c. Both phases were therefore 
increased; in the case of the dilator effect the greater flow might have 
been due to the higher blood-pressure, but it will be seen that the fall in 
pressure caused by the adrenaline is definitely more pronounced during 
stimulation than it was before, indicating that the dilatation was in fact 
greater. As both dilator and constrictor effects of adrenaline are en- 
hanced by sympathetic stimulation it seems that both sets of fibres are 
being stimulated together, but the evidence of Fig. 2 is that it is the 
constrictor mechanism which first becomes exhausted. In the denervated 
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limb, on the other hand, exhaustion of the dilator effect seems easier to 
achieve. It may be that these phenomena are in some way connected 
with the apparent anomaly between the dilator action of repeated doses 
of adrenaline in the intact animal (Clark, 1934] and the tonic constrictor 
action in the perfused preparation [Dale and Richards, 1918; Burn, 


1932]. 
] Discussion. 


From the evidence that in the cat intra-arterial injection of physo- — 
stigmine may cause vaso-dilatation in muscle it appears that cholinergic 
fibres are present in cat’s muscle, but the experiments of Biilbring and 
Burn [1934] indicate that these fibres take a course to the periphery 
different from that in the dog, as these authors were unable to demon- 
strate their presence in the lumbar sympathetic cord. In addition to 
these cholinergic fibres there are others of a dilator nature which are 
truly sympathetic in type and which are brought into activity by minute 


amounts of adrenaline. 


The possibility of the exhaustion of the sympathetic vaso-constrictor 
mediator is of considerable interest and may be a factor in the production 
of traumatic shock in view of the part played by nociceptive impulses in 
the production of this condition [O’Shaughnessy and Slome, 1935]. 
It may be that the constrictor chemical mediator is less readily recon- 
stituted than the dilator in the fasting animal, for Cannon and Rosen- 
blueth [1933] have stated that Sympathin E is more easily demonstrated 
in an animal in which a protein meal is in course of digestion. There is 
the possibility of course that the pure dilator action following general 
asphyxia and also that following stimulation of the lumbar sympathetic 
cord might be explained in terms of a hypothetical change in pH in the 
muscle, but this is extremely unlikely in view of the lapse of time after 


- which the dilator effect could still be observed. 


The fact that both dilator and constrictor phases of adrenaline action 
are enhanced during stimulation of the lumbar sympathetic cord suggests 


_ the possibility that the adrenaline action is being exerted largely on 


vessels other than those activated by electrical stimulation, but Burn 
[1932] has shown the necessity for adrenaline in the functional activity of 
sympathetic vaso-motor nerves, which indicates that there must be a 
common site of action. The site of the adrenaline dilator effect appears to 
be the capillaries [Dale and Richards, 1918] and it seems that the 
constrictor action must be largely in the same vessels [Clark, 1934], 


- although Dale and Richards suggested that some degree of constric- 
tion might occur in the arterioles; their suggestion receives indirect 
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support from the fact that the dilator phase of adrenaline action, 
although more intense during sympathetic stimulation, is cut short by 
_ the enhanced constrictor activity (Fig. 4). This interference with the 
dilator activity has not been observed, however, in the absence of 
electrical stimulation of sympathetic fibres (Clark, 1934]. It may be 
that the capillary dilator-constrictor mechanisms have a lower adrenaline 
threshold than has the arteriole constrictor and that the latter is not 
brought into play by the minute amounts of adrenaline used in these 
experiments, but that these minute amounts enhance the effects of nerve 
stimulation. It seems then that in the vessels of voluntary muscle the 
capillary dilator reaction has the lowest threshold to adrenaline, the 
capillary constrictor comes next and the arteriole constrictor has the 
highest threshold. The increased vascular tone in the denervated limb 
following the injection of small quantities of adrenaline suggests that 
lumbar sympathectomy may not invariably have the desired effect in 


relieving — hypertonicity. 


SUMMARY AND CONCLUSIONS. 


Changes in the venous outflow from a group of muscles in the cat’s 
limb have been produced by intra-arterial injection of adrenaline and by 
electrical stimulation of the lumbar sympathetic cord. 

The dilator effect of a minute amount of adrenaline is not abolished by 
atropine nor enhanced by physostigmine and therefore is not due to 
cholinergic nerve fibres. 

Electrical stimulation of the lumbar sympathetic cord increases both 
dilator and constrictor phases of adrenaline action. 

The peripheral constrictor mechanism seems to be more readily 
fatigued by electrical stimulation than is the dilator, whereas in the 
chronieally denervated limb the latter ceases to respond to adrenaline 
sooner than in the innervated limb or alternatively is masked by a 
greater constrictor response, 


The expenses of this research were covered by a grant from the Medical Research 
Council. 
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OXYTOCIC PROPERTIES OF BLOOD EXTRACTS 
AND THEIR PHYSIOLOGICAL SIGNIFICANCE. 


By G. H. BELL (Department of Physiology, University of Bristol) 
anp J. M. ROBSON (Bett Memorial Research Fellow). 


(From the Institute of Animal Genetics, University of Edinburgh.) 
(Received March 15, 1935.) 


In a recent paper [Bell and Morris, 1934] experiments were described 
which suggested that the blood removed from the cow towards the end of 
pregnancy or during parturition contains considerable quantities of a 
substance capable of causing contraction of the isolated guinea-pig 
uterus. As data relating to the oxytocin content of body fluids are of great 
interest in a consideration of mechanisms concerned in the control of the 
uterine activity during gestation and parturition, it appeared desirable 


. to obtain further information regarding the occurrence and nature of the 


substance described by Bell and Morris. 

A series of experiments was therefore performed, repeating exactly 
the technique used by the previous authors, and the following additional 
experiments were carried out as a help in the elucidation of the problem: 

(1) The blood of other species (the rabbit and the woman) was ex- 
amined for its content of oxytocic substance; and 

(2) The titration of all samples was performed not only on the uterus 
of the guinea-pig, but also on the uterus of the mouse. In the latter case 
uterine strips were removed usually from animals either during or shortly 
following parturition; though in several experiments when parturient 
mice were not available uteri from cestrous mice were used. The sensitivity 


_ of the uterus of the parturient mouse to oxytocin is high [Robson, 1934], 


while that of the cestrous uterus, though not so great, is also well marked. 

The uterus of the mouse has the advantage of being unaffected by com- 

paratively large amounts of certain pharmacologically active substances 

(e.g. histamine, ergotoxine, choline derivatives), and is therefore par- 

ticularly suitable for the qualitative investigation of oxytocic substances. 
PH. LXXXIV. | 23 
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TECHNIQUE. 


Blood samples from cows and from women were in all cases obtained 
by venesection. We are greatly indebted to Mr A. D. Buchanan Smith, 
and to Dr J. B. Dewar of the Simpson Memorial Hospital, for their help 
in obtaining these samples. In the case of rabbits, samples of heart blood 
were removed under ether anesthesia; in one case (see iy @ sample > 
from the ear vein was used. 

The preparation of blood extracts for assay was achislaiethey per- 
formed by the method described by Bell and Morris [1934]. This 
involved precipitation of the plasma proteins by hydrochloric acid and 
subsequent boiling. 

Virgin dicstrous uteri of guinea-pigs were suspended in Burn-Dale 
solution through which a mixture of oxygen with 5 p.c. CO, was bubbled. 
The uterine strips from mice were suspended in Ringer-Locke solution 
through which oxygen was bubbled. Temperature and rate of bubbling 
were maintained constant. The capacity of the containers was 100 c.c. 
Preparations of the posterior pituitary lobe “Pituitrin” and “Pitocin’”’, 
kindly supplied by Dr White of Parke, Davis and Co., were used. 


RESULTS. 


Twenty-one samples were removed from pregnant or parturient cows 
and one sample from a non-pregnant cow, and the content of oxytocic 
substance of the extract determined on the uterus of guinea-pigs and 
mice. The results are given in Table I. An examination of these data 
shows: 

(1) That the content of oxytocic substance of the blood from preg- 
nant and parturient cows, as determined on the guinea-pig uterus, is in 
the great majority of cases low. For out of twelve samples taken in the 
last twelve days of pregnancy only three showed detectable amounts of 
oxytocic substance which assayed respectively at values corresponding 
to 4, 4, and 1 oxytocic units per litre of the original blood. 

(2) That the assay performed on the mouse uterus gave a higher pro- 
portion of positive results and higher values for the content of oxytocic 
substance. Thus the samples which assayed at 4, 4, and 1 units per litre 
on the guinea-pig uterus gave values of 20, 8, and 10 units per litre 
respectively when tested on the mouse. Moreover, several samples in 
which no detectable amounts of oxytocic substance were present accord- 
ing to the guinea-pig test gave values up to 20 units per litre when assayed 
on the uterus of the mouse. 
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Tastz I, Oxytocic content of cow blood samples (expressed as oxytocic units per litre) 
measured on the mouse and guinea-pig uteri. The value obtained on the mouse uterus 


is in all cases given first. 
Days before parturition 
Cow Non- A 
No. pregnant 54 47 12 11 10 8 7 
l — — — — 
4 — — _ — — — 
— 20;4 <2;<2 — <3; <1 
Days before parturition 
Cow A 
No, 6 5 4 3 2 1 0 1 
6 <6;<15 — 2; <2 
5; <3 20; <3 — 


(3) That three samples obtained, two from animals in the early 
stages of gestation and one from a non-pregnant cow, gave negative 
results both on the mouse and guinea-pig. 

Six samples were obtained from women in the second stage of labour 
with strong pains, The results of assay of oxytocic substance on the 
guinea-pig and mouse are given in Table II. It will be seen that the 


Vs Tastx II. Oxytocic content of human blood samples taken during the second stage of 
: labour (expressed as oxytocic units per litre) measured on the mouse and guinea-pig 


uteri, 
Case 1 2 3 4 5 6 
Guinea-pig 5 <2 <7 <2 <2 <2 
Mouse 20 <6 2 <5 10 <5 


) —-« Guinea-pig tests gave negative results in all but one sample which assayed 

__ at 5 oxytocic units per litre. On the mouse uterus three of the samples 

were positive, giving values of 20, 10, and 2 oxytocic units per litre. It 

will again be noted that in the one case giving a positive value in the 

guinea-pig, a much higher value was obtained when the test was per- 
formed on the mouse. 


: 23—2 
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Samples were obtained from eight rabbits and gave the following 
results: 

(1) Three non-pregnant animals (RO 1, RO 5, C 25) showed no de- 
tectable amounts of oxytocic substance on the guinea-pig (<3, <2°5, <5 
units respectively). The extract from C 25 tested on the mouse gave a 
value equivalent to more than 10 o.v. per litre; the sample from C 25 was 
the only blood sample taken from the vein, all the other rabbit samples 
were taken from the heart. Another non-pregnant rabbit (C 19) gave less 
than 6 0.v. per litre when tested on the mouse. 

(2) Four animals received injections of posterior lobe extracts, 
namely: 

RO 2 received 0-5 c.c. of pituitrin intramuscularly, and one hour later 
the blood was taken and assayed at 3 0.v. per litre when tested on the 
guinea-pig. 

RO 3 treated exactly in the same way assayed 8 0.U. per litre on the 
guinea-pig. 

RO 6 received 1 c.c. of pitocin intramuscularly, and one hour later 
the blood assayed 40 0.v. per litre on the mouse and 10 o.v. per litre on 
the guinea-pig. 

C 25 was injected intramuscularly with 1 c.c. of pitocin immediately 
after the taking of the sample already referred to, and one hour later a 
further sample showed no detectable amounts of oxytocic substance 
(<5 0.v. per litre) when tested both on the mouse and guinea-pig 
uterus. | 
(3) Rabbit RA 463 was hypophysectomized on the 25th day of 
pregnancy and aborted 33 hours later. The blood was taken immediately 
after abortion and assayed more than 20 0.v. on the mouse and less than 
10 0.U. on the guinea-pig. 

In their experiments Bell and Morris [1934] found that the oxytocic 
substance present in the blood during the last stages of pregnancy and 
parturition was unstable and that an active extract soon lost its potency 
when kept in the ice chest. A similar fate did not overtake oxytocin added 
to blood in vitro. It was therefore thought advisable to determine, by 
tests on the uterus of both the guinea-pig and mouse, whether the active 
extracts obtained in the present experiments had been similarly affected 
by storage. The results are given in Table III. It will be seen that no 
extract decreased in oxytocic activity when tested on the uterus of the 
mouse ; but when tested on that of the guinea-pig there is definite evidence 
that the amount of oxytocic substance that can be demonstrated in a 
given extract decreases on standing. 
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Taste III. Showing effect of storing in ice chest on content of oxytocic substance as tested 


on the mouse and the guinea-pig uteri. Values expressed as oxytocic units per litre. 


Rabbit RA 463 >20 — 75 = 15 
Cow 6 20 5 10 <4 
Woman 1 20 5 20 10 >20 


First day Second day Third day Fourth day 
Guinea- Guinea-  QGuinea- 
. Animal Mouse pig Mouse pig pig Mouse pig 
Rabbit RO 6 40 10 >20 8 >20 10 >20 <5 


— 


= - 


A number of causes might account for such results but, on the sup- 
position that the same active substance was responsible for causing the 


contraction of both the mouse and guinea-pig 
uteri, it seemed likely that the disappearance of 
activity when tested on the uterus of the guinea- 
pig might be due to the development in the ex- 
tract of a factor which inhibited the response of 
the guinea-pig uterus to oxytocic substances, but 
exerted no such effect (or a much less effect) on 
the response of the mouse uterus. Experimental 
investigation of this hypothesis provided very 
adequate evidence for the existence of an in- 


hibitory substance of this nature. . 3 
It was found that an extract, even im- 


mediately after its preparation, may in some 
experiments inhibit to a certain extent the re- 
action of the guinea-pig uterus to a given dose of 
oxytocin. This is illustrated in Fig. 1, which shows 


the inhibition of the response to a dose of oxy- 


tocin by 1 ¢.c. of a freshly prepared extract added 
to the bath just previously. Such an extract, 
however, exerts no inhibitory action on the re- 
sponse of the uterus of the mouse to oxytocin. 
When an extract is allowed to stand in the 
ice chest the amount of inhibitory substance in 
it appears to increase, so that the addition of 
le.c. of it to the bath may completely abolish 
the response of the guinea-pig uterus to a supra- 


Fig. 1. Showing inhibition of 


the response of the guinea- 
uterus to oxytocin by a 
y pre extract of 
cow blood. A, 0-006 unit 
of pituitrin added to bath; 
B, 1-0 c.c. of cow 8 blood 
extract added to bath; 
C, 0-006 unit of ituitrin 
added to bath; 5, 0-006 
unit of to to 


bath. lution changed 
after addition of 


minimal dose of oxytocin and even 0-5 c.c. may have a marked inhibitory 
effect. This is illustrated in Fig. 2. Moreover, such an extract may exert 


= 
» 

A 
2 

4 
a 
— 
a 
‘ 
4 
q 
‘ 
4 
x. 
4 
4 
a 
4 
4 
7 
im 
= 4 
ng a 
3 
of 
>, 

> 

P 
te 


G. H. BELL AND J. M. ROBSON. 


Fig. 2. Showing inhibition of the reaction of the guinea-pig uterus to oxytocin by small 


dose of stored blood extract and absence of inhibition in the mouse with a larger dose 
of the same extract. First tracing, guinea-pig uterus: A, 0-007 unit of pituitrin added 
to bath; B, 0-5 c.c. of cow 10 blood extract (stored for five days in ice chest) plus 0-01 
unit of pitocin added to bath; C, 0-007 unit of pituitrin added to bath. Second tracing, 
uterus of parturient mouse: A, 0-02 unit of pituitrin added to bath; B, 1-0 c.c. of 
cow blood extract (as above) plus 0-02 unit of pituitrin added to bath. Solution 
_ changed after each addition of pituitrin. Time interval=1 min. for both tracings. 


Fig. 3. Showing inhibition of the reaction of the parturient mouse uterus to oxytocin by 


large doses of stored blood extract. A, 0-01 unit pituitrin added to bath; B, 2 c.c. of 
cow 8 blood extract (stored for three days) added to bath; C, 0-01 unit pituitrin added 
to bath; D, 0-01 unit pituitrin added to bath; E, 1 c.c. cow blood extract as above added 
eee F, 0-01 unit of pituitrin added to bath. S, solution changed, Time interval 
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some inhibitory effect on the response of the mouse uterus too, although 
here the degree of inhibition is less marked. This is illustrated in 


ig. 3. 
og Discussion. 


The results of these experiments show definitely that an oxytocic 
substance capable of causing contractions of isolated uteri of the guinea- 
pig and of the mouse can occasionally be demonstrated in extracts of 
blood when the investigation is performed under the given conditions, 
and two main questions then arise, namely: 

(1) Whether the appearance of this substance bears any time relation 
to the state of the animal, with special reference to gestation and 
parturition; and 

(2) What the nature of the oxytocic substance is, and especially 
whether it is identical with the oxytocic substance of the posterior lobe. 

An examination of the experimental data does not support the view 


that the occurrence of the oxytocic substance in question is a factor 


related to the initiation of parturition, though the results bear some 
superficial resemblance to those recorded by Bell and Morris [1934]. 
Considering first the evidence offered by the action of extracts of cow’s 
blood on the guinea-pig’s uterus, it will be seen that the sample obtained 
actually during parturition gave no positive effect; and further the only 


two samples that gave comparatively high values, namely 4 0.U. per 


litre given by cow 6 on the 12th day ante partum and cow 9 (6 days ante 
partum), gave negative results at subsequent stages of pregnancy. In the 
case of cow 6 indeed these negative results were obtained no less than 
four times on the 11th, 7th, 6th and 3rd days ante partum. Positive 
effects were obtained more frequently when the extracts were tested on — 
the mouse uterus, but, nevertheless, the data do not support the view 
that these positive effects occur only with samples withdrawn at specific 
times. It is to be noted that three samples withdrawn from two cows not 
in the latest stages of gestation and from one non-pregnant cow gave 
negative results both on the mouse and guinea-pig uteri, but these data 
are not sufficient to warrant the conclusion that the oxytocic substance, 
when present, only occurs during the latest stages of pregnancy. 

The evidence obtained from the examination of the human material 
on the whole supports the results obtained from the cow, for only one out 
of the six specimens obtained from patients in the second stage of labour 
gave any effect on the guinea-pig’s uterus, while three out of six gave an 
action on the uterus of the mouse. 

The results obtained on the rabbit show that no oxytocic substance 
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that is active when tested on the guinea-pig uterus is present in non- 
pregnant animals, but that such samples may occasionally yield a positive 
effect when tested on the mouse uterus (animal C 25). 

The present series of experiments fully bears out the finding of Bell 
and Morris that active extracts when kept in the ice chest for some time 
fail to elicit contractions of the guinea-pig uterus, but in view of the 
additional evidence brought forward a new interpretation of these results 
appears necessary. | 

The facts to be considered are: 


(1) That the oxytocic effect on the mouse uterus is not lost on stand- 


ing; and 
(2) That extracts which have stood for some time in the ice chest 
contain a factor which inhibits the response of the guinea-pig’s uterus to 
oxytocin, and in larger quantities that of the uterus of the mouse. 

The most likely conclusion appears to be that the observed loss of 
potency on standing is not due to the destruction or inactivation of the 
oxytocic substance but to the effect of the inhibitory factor which has 
developed. 

Furthermore a careful examination of the experimental details offers 
an explanation for the previous finding of Bell and Morris that pituitrin 
added to blood does not become inactivated on standing. For in their 
experiments the quantity of pituitrin added (0-02 unit per c.c.) was so 

- adjusted that the actual assay involved the addition to the bath of con- 
siderably less than 1 ¢.c. of extract. Now in the present experiment it has 
been found that a definite inhibitory effect on the guinea-pig’s uterus can 
only be demonstrated with about 0-5 to 1 c.c. of extract while 2 c.c. or 


_ More are necessary for the mouse. Hence under the experimental con- — 


ditions described by Bell and Morris no inhibitory action would come 
into play, and the activity on standing would therefore remain unchanged. 
On the other hand, in the case of the oxytocic substance in the blood the 
quantities are smaller, the amount of extract added to the bath in order 
to elicit a contraction larger, and the effect of the inhibitory substance 
becomes evident. 

In so far as the nature of the oxytocic substance is concerned a 
number of possibilities can be eliminated. The properties of the mouse 
preparation exclude histamine; the substance is not a choline derivative 
as its effect persists after atropinization. A consideration of the quantities 
involved makes it highly unlikely that calcium or potassium is respon- 
sible. Control experiments with Ringer-Locke solution treated in exactly 
the same way as the plasma have eliminated osmotic phenomena. In 
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view of the marked differences in the titration values on the guinea-pig 
and mouse uteri it.can be concluded that if one substance is responsible 


: _ for both effects it cannot be identical with the oxytocin of the posterior 


pituitary lobe. Such a conclusion is supported by an examination of the 
contraction curve of the mouse uterus; this curve (Fig. 4) rises more 
steeply and falls more rapidly than that given by oxytocin. 


Fig. 4a. Fig. 4. 


Fig. 4. Illustrating the difference in the character of the response of the mouse uterus to 
oxytocin and to an active blood extract. (a) A, 0-01 unit pituitrin added to bath; 
B, 2 c.c. cow 6 blood extract added to bath. (6) A, 0-02 unit of pituitrin added to bath; 
B, 1 c.c. cow 7 blood extract added to bath. S, solution changed. Time indeevel= 1 min. 


Clark found [1924] that certain decomposition products of proteose 
cause contraction of the uterus in both the rat and the guinea-pig and 
that the titration values on the rat are considerably larger than those on — 
the guinea-pig. This is of great interest, more especially as the active 
extracts used by Clark could be obtained by means of acid treatment. 
It appears possible that the substance dealt with in the present investiga- 
tion is of a similar nature, its production being dependent on the acid 
treatment of the plasma. 

Whatever the nature of the oxytocic substance, the possibility that 
the extract does contain small amounts of oxytocin cannot be excluded. 
It is indeed of interest to consider what quantities of oxytocin could be 
expected in a blood extract, arguing from a priori considerations. The 
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well-known clinical observation that intramuscular injection of 5 units 


or less of oxytocin causes contraction of the parturient uterus finds 
confirmation in the experiments of Moir [1934] on the early puerperal 
uterus. These data allow of the conclusion that a concentration con- 
siderably less than 1 unit per litre of the circulating blood causes a 
marked contraction of the human uterus. A similar conclusion follows 
from @ consideration of experiments with uterine strips in vitro which, 
in the case of man, rabbit and mouse show minimum reactions to doses 
of oxytocin of 0-01 to 0-1 unit per litre when the strips are removed from 
parturient subjects [Robson, 1933a and 6, 1934]. Moreover Schiibel 
and Gehlen [1933], working on the early puerperal uterus of the cat and 
recording the contraction in vivo, showed that motor effects could be 
-elicited with concentrations of oxytocin of less than 0-01 unit per litre 
of the circulating blood. All these considerations support the conclusion 
that if an oxytocic substance is involved in the process of parturition its 
concentration in the blood might not be more than a few tenths of a unit 
per litre and is highly unlikely to be more than one unit per litre. The 
demonstrations of such amounts would involve either the use of a reactor 
even more sensitive than the guinea-pig uterus, or some method of 
concentrating the active substance without incidentally producing 
oxytocie agents not previously present as such in the blood, and at the 
same time of eliminating the possible action of inhibitory factors. 


SuMMARY. 


1, The oxytocic activity of extracts prepared from the blood of (a) 
pregnant cows, (6) women in the second stage of labour, (c) rabbits before 
and after injection of posterior pituitary extracts, was tested simul- 
taneously on the isolated uterus of the guinea-pig and of the mouse. 

2. A number of these was found to possess oxytocic properties; this 
does not appear to be associated with any particular phase of gestation. 
The uterus of the mouse was consistently found to be more sensitive to 
the active substance than that of the guinea-pig. 

3. A factor capable of inhibiting the reaction of the uterus to oxytocin 
tm vitro, more especially the uterus of the guinea-pig, has been demon- 
strated in blood extracts. The inhibitory power of these extracts appears 
to increase on standing. 


4. The nature of the oxytocic substance and the significance of ite 
occurrence are discussed. — 


a 
4 
ns 
A 
4 
i 
ry: 
4 
ayy 
1% 
A “4 
4 
3 3 
J 
2 
A 
4 
i 
4 
4 
a 
‘ 
> 
4 
d 
E 


OXYTOCIC PROPERTIES OF BLOOD EXTRACTS. 361 


The expense of this investigation has been defrayed by grante from the Medical Research 
Council (to J. M. R.) and the Carnegie Trust (to G. H. B.). We are greatly indebted to 
Prof. A. J. Clark, for discussing the results with us and making very valuable suggestions. 
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HYPOGLYCAMIC ACTION OF INSULIN-PHOSPHO- 
TUNGSTATE AND PHOSPHOTUNGSTIC ACID 
ADMINISTERED BY MOUTH. 


By HARENDRA NATH MUKHERJEE. 
(From the Biochemical Department, Carmichael Medical College, Calcutta.) 


(Received March 23, 1935.) 


In @ previous communication the author [Mukherjee, 1930.4] reported 
on the hypoglycemic action of insulin-phosphotungstate administered 
by mouth in rabbits and also in diabetic human subjects. Leyton 
[1930] corroborated this finding, but Lawrence [1931] and Martini 
[1931] reported negative results. To account for these contradictory 
results a large number of experiments were made with many differently 
prepared samples of phosphotungstic, silico-tungstic, phospho-molybdic 
acids. In the present paper only phosphotungstic acid and phospho- 
tungstate will be dealt with. 

The effect of different ions, Cl, 8O0,, PO,, Na, Mg, etc., and'of foreign 
substances, phenol, cholesterol, bile salts, etc., added in small quantities 
was investigated and finally to eliminate the impurities of commercial 
preparations phospho-24-tungstic acid was prepared in the laboratory 
[Wu, 1920] and insulin-phosphotungstate samples were prepared from it. 

Both active and inactive preparations were, however, constantly 
obtained till it was found that an active sample became inactive on 
washing, and an inactive sample on being further treated with phospho- 
tungstic acid often became active. 

The importance of the presence of free phosphotungstic acid in active 
samples thus became evident. It may be observed that in the author’s 
previous communication [19304] mention is made of the use of an 
“excess” of phosphotungstic acid, and the samples then used were 
practically unwashed. 

Further experiments showed that if the amount of phosphotungstic 
acid in the suspensions of insulin-phosphotungstate was gradually in- 
creased greater hypoglycemic effects were obtained. Fifteen units of — 
insulin administered by mouth in 5-0 c.c. of 3-0 p.c. omen wie 
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produced a fall of blood sugar, 5-hourly average, almost equal to that 
following 1 unit of insulin given subcutaneously. 

This increasing hypoglycemic effect with increasing amounts of phos- 
photungstic acid appeared to be partly due to the fact that presence 
of phosphotungstic acid in proper concentration considerably stabilized 
the suspension of insulin-phosphotungstate in the gastric ‘juice as deter- 
mined by experiments with HCl solutions (artificial gastric juice), the 
absorption of insulin being thus facilitated. 

Control experiments, however, with increasing doses of phospho- 
tungstic acid showed that this substance itself in proper amounts had 
hypoglycemic properties, and further experiments that the action of 
insulin-phosphotungstate was due to both insulin and phosphotungstic 
acid. 


White rabbits were used and blood sugar was estimated by the 
Folin-W u colorimetric method. The hypoglycemic effect was measured 
by the 5-hourly average fall of blood sugar [Burn, 1928] in rabbits fasting 
for about 20 hours. The samples were administered in 5-0 c.c. volumes by 
stomach tube to the rabbits, usually at intervals of 2-3 days. Phospho- 
24-tungstic acid prepared in the laboratory and commercial phospho- 
tungstic acid (Schering-Kahlbaum) were both used with very similar 
results. Very impure phosphotungstic acids were not used. 
 Insulin-phosphotungstate was prepared mainly from commercial 
insulin (Eli Lilly and Co.), which was precipitated as phosphotungstate 
usually in H,SO,, on a few occasions in HCl solutions. 


EXPERIMENTAL. 

50-0 c.c. of insulin, 1000 units, were precipitated in 6 p.c. H,SO, by 
volume with slight excess of phosphotungstic acid. The precipitate was 
allowed to settle and the major part of the clear supernatant fluid was 
carefully decanted off. The precipitate was shaken up with the rest of the 
_ fluid and was put into two centrifuge tubes. After contrifuging the super- 
natant fluid was discarded. The precipitate was then washed twice with 
10-0 ¢.c. amounts to N/10 H,SO, in each centrifuge tube by centrifuging 
and discarding the clear supernatant fluids. The precipitate was finally 
broken up and suspended in water, removed to a glass graduated 
cylinder, made up to 50-0 c.c. with distilled water and shaken to make a 
uniform suspension, 1 ¢.c.=20 units, pH about 2. Of this suspension 
3-0 ¢.c. amounts, 60 units, were measured into flasks, and made up to 
20-0 ¢.c. with distilled water and the calculated amounts of 20-0 p.c. 
phosphotungstic acid to give concentrations of 0-5, 1-0, 1-5, 2-0, 3-0, 4-0 


an 
“ 

| 
wee 
< 
‘ 
s 
Ag 
4 
> 
4 
4g 
“a 
% 
4 


364 _H. N. MUKHERJEE. 


and 5°0 p.c. of phosphotungstic acid. Five c.c., 15 units, were given to 
each rabbit by stomach tube and the hypoglycemic response obtained 
was compared with that obtained from 1 unit given subcutaneously. 
The results are shown in Table I. Control experiments were done on the 


Tasxe I. Percentage reduction of blood sugar, 5-hourly average, by 15 units by mouth 
indicated. 


in 5 ¢,c. containing the percentage of phosphotungstic acid 


Rabbit’s kg. taneously pc. 10p.c. Lipo. 20pec. 30p.c. 40p.c. 5-0 p.c. 
IL? 1-55 31-6 80 124 213 20 289 
II,Q2 1-57 26-4 7-2 11-5 14-9 23-0 31-6 29-5 31-2 

Ill, 1-54 31-2 6:7 8-0 17-0 22-1 29-6 35-2 26-3 
IV¢d 1:38 25-3 3-2 9-0 12-6 21:3 26-0 20-7 27-6 
Average 1-51 28-6 6-3 10-2 14-0 21-9 26-8 29-5 28-5 


effect of phosphotungstic acid alone in concentrations of 1, 2 and 4 p.c. 
respectively (Table IT) and on the effect of 5 c.c. of 8 p.c. acid with and 
without 10 units of insulin by mouth as compared with 0-7 unit, 0-5 unit 
per kg. body weight, given subcutaneously (Table ITI). | 


TaBtE II. Percentage reduction of blood sugar, 5-hourly average, 
by 5 c.c. of phosphotungstic acid alone by mouth. 


Rabbits* 2 p.c. 4 p.c. 
I 3-6 8-0 12-7 

5:8 6-9 17-0 
Ill 7-2 17-0 26-0 
IV 0-0 4:8 12-7 
Average 4:2 9-2 17-1 


* The same rabbits as in Table I. 
Taste III, Percentage reduction of blood sugar, 5-hourly average, by 


‘10 unitsin 5-0 c.c. of 8 p.c. 
0-7 unit 5-0 c.c, of 8 p.c. 


Weight insulin tungstic acid alone 

Rabbits kg. subcutaneously acid by mouth by mouth 
V, 2 1-38 21:3 28-9 14-4 
VI, 3 1-37 20-0 24-7 14-9 
Vil, ¢ 1-46 35-2 31-2 21:3 
_ 3 1-45 28-9 22-1 12-6 
Average 1-42 26-3 26-7 15-8 


As a further control test the rabbits were given 5-0 ¢.c. of N/10 HCl 
each by stomach tube. There was in this case no fall but rather a slight 
rise of blood sugar (5-hourly average). 
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Discussion. 


_ It now appears possible to give a satisfactory explanation of the 
contradictory results obtained by different workers. The hypoglyce#mic 
activity of insulin-phosphotungstate suspensions depends on the presence 
of free phosphotungstic acid in proper amount. In rabbits generally it 
increases as the concentration of phosphotungstic acid is increased up 
to 4 p.c. Out of a large number of rabbits a few were met with that did 
not react so well till the concentration of phosphotungstic acid used was 
increased to 8 p.c. 

While studying the stability of insulin-phosphotungstate suspensions 
in N/40 HCl (artificial gastric juice) it was found that the stability was 


- markedly increased with increasing concentrations of phosphotungstic 


acid. With 3-0 p.c. concentration the suspensions became fairly stable, 
and with higher concentrations of phosphotungstic acid still more so. 
This increased stability of the suspensions in the gastric juice perhaps 
facilitates the absorption of insulin. It also appeared that with hyper- 
acidity of the gastric contents a greater amount of phosphotungstic acid 
is necessary to stabilize the suspensions and vice versa. 

The preparations were also tested in diabetic human subjects. They 
appear to react better than rabbits. A lower concentration of phospho- 
tungstic acid (0-5-1-0 p.c., 30-0 c.c. dose) was quite sufficient in some 
cases, This is perhaps due to associated hypochlorhydria in many cases 
of diabetics [Bowen and Aaron, 1926]. Some diabetics were treated 
with success with preparations obtained from crude pancreatic extracts 
(Mukherjee, 19305}. 

In rabbits taking these preparations for months at intervals of about 
2 days no toxic symptom was observed. 


SUMMARY. 

1, Insulin-phosphotungstate suspensions containing proper amounts 
of phosphotungstic acid give hypoglycemia when administered by 
mouth. In rabbits 15 units of insulin thus administered in 5 .c. of 
3-4 p.c. phosphotungstic acid have an effect almost equal to that of 1 unit 
given subcutaneously. 

2. Phosphotungstic acid itself, administered by mouth in proper 
amounts, about 0-2 g. or more in rabbits, appears to cause hypoglycemia. 

3. When a preparation of insulin-phosphotungstate suspension con- 
taining proper amounts of phosphotungstic acid is administered by 
mouth the hypoglycemic effect produced is apparently due to both 
insulin and phosphotungstic acid. 
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ON THE REFLEX REGULATION OF THE 
CEREBRAL BLOOD FLOW AND THE 
CEREBRAL VASO-MOTOR TONE. 

By J. J. BOUCKAERT anv C. HEYMANS. 

(From the Department of Pharmacology, Ghent4 
(Recewed Deconber 13, 1934.) 

In previous papers [1932, 1933, 1934] we were able to show with several 


techniques (Stromuhr of W eese, Stromuhr of Rein, Hiirthle’s method) 
that, in dogs, the carotid sinus reflexes do not affect the cerebral vaso- 


‘motor tone in an active way; indeed, lowering the carotid sinus pressure 


produces a passive increase of the cerebral blood supply which is due to 
the reflex increase of the general blood-pressure, while conversely increas- 
ing the pressure in the carotid sinus produces a passive decrease of the 
cerebral blood flow due to the reflex decrease of the general arterial blood- 
pressure. 

In the case of a fall of the carotid blood-pressure, the blood is diverted 
by means of the carotid sinus reflexes from the somatic and peripheral 
cephalic areas to the cerebral circulation, whose blood vessels do not par- 
ticipate actively in the carotid sinus reflexes. The blood flow to the central 
nervous system thus increases, while on the contrary the blood flow de- 
creases, as a result of the reflex vaso-constriction, in the peripheral 
cephalic tissues (muscles and skin of the head) and in the somatic organs. 
The cerebral blood supply is thus passively dependent on the general 
arterial pressure, which is regulated by the carotid sinus and aorta re- 
flexes. H. Rein [1929, 1931], on the other hand, contended that the 
cerebral vessels were collaborating actively in the changes of the cerebral 
blood flow induced by the carotid sinus reflexes. In his opinion, a decrease 
of pressure in the carotid sinus produces an increase of the cerebral blood 
flow not only in a passive way, by means of the increase of the general 
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~ ‘blood-pressure, but also actively, by a simultaneous active vaso-dilatation 
in the cerebral area. 

More recently M. Schneider and D. Schneider [1934] confirmed 
_ our experimental observations and conclusions concerning the influences 
of the carotid sinus reflexes on the cerebral circulation. These authors, 
however, concluded from another series of experiments that the blood- 
pressure also regulates actively the cerebral vaso-motor tone by means 


of a reflex mechanism, the origin of which should be localized, not in the — 


carotid sinus but in the arteria meningea media. According to these 
authors, lowering or increasing the pressure in the arteria meningea media 
would put into action respectively a reflex vaso-dilatation and a reflex 
vaso-constriction in the cerebral circulation. Those conclusions of M. 
Schneider and D. Schneider were also supported by K1. Gollwitzer- 
Meier and P. Eckardt [1934]. 

As the conclusions of some of our experiments performed with the 
technique of Hirt hle (registration of the cerebral pressure in the internal 
carotid after ligature of the external carotid) or with the techniques of 
Weese and Rein (measurements of the blood flow in the internal 
carotid after occlusion of the external carotid) have been questioned 
by M. Schneider and D. Schneider on the basis of their so-called 
meningeal cerebral vaso-motor reflex, it has seemed to us necessary to 
submit our previous experimental conclusions to a new control. 


I. ANATOMICAL CONNECTIONS BETWEEN THE EXTERNAL AND 
THE INTERNAL CAROTID ARTERIES IN DOGS. 


In the experiments of M. Schneider and D. Schneider, clamping 
the external carotid artery in dogs produces both on the same side, and 
on the opposite side, an increase of blood flow in the internal carotid 
which the authors suppose to be of a reflex cerebral origin. Since the in- 
crease of internal carotid blood flow is also obtained by clamping the in- 
ternal maxillary artery before the origin of the arteria meningea media, 
and not by clamping the internal maxillary artery beyond the origin of 
the arteria meningea media, these authors have concluded that this reflex 
has its origin in the arteria meningea media. 

The main reason why the authors admitted a reflex and not a purely 
hydrodynamic origin for the explanation of their observations is, as they 
say, that they did not find in dogs any important vascular connections 
between the internal and external carotid or its branches. In order to 
examine whether the observations of M. Schneider and D. Schneider 
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were really due to a reflex mechanism and are not to be explained by 
the existence of vascular connections between the internal carotid and 
the external carotid or its branches, we first made a series of anatomical 
controls of the cephalic blood vessels. 

_ For this purpose we injected, through the internal maxillary artery, 


© abite origin, into the cephalic circulation of a series of dead dogs, heated 


paraffin coloured with methylene blue. After cooling off the preparation, 
the arteries which had been injected were easy to recognize, since they 


_ + were distended by the paraffin and coloured by the methylene blue. 


First we wish to point out that after the injection of paraffin only into 
one of the internal maxillary arteries, all the vessels of the Circle of Willis, 
the cerebral vessels and the external and internal carotids on the opposite 
sidé were also completely filled up with paraffin (Fig. 1). Besides neg- 
ligible branches going from the arteria meningea media to the internal 
carotid, it was possible to see, by dissecting the preparation as shown by 
Figs. 1 and 2, that an important branch (Fig. 1, 3) connects the oph- 
thalmic artery, and thus the internal maxillary artery (Fig. 1, 2), to the 
internal carotid (Fig. 1, 1). The origin of this anastomotic branch is 
somewhat difficult to find, since it is applied very intimately to the skull. 
After entering into the skull through the fissura orbitalis, this branch, 
which is called by the anatomists “arteria ophthalmica interna” (Bell- 
arminow) or “ramus anastomoticus” (Fig. 1, 3), goes directly to the 
internal carotid; this branch is as important as the internal carotid itself 
(Fig. 1, 7) and as the branch of the internal carotid going to the circulus 
Willisii (Fig. 1, 5). These series of anatomical preparations thus show 
definitely that the anastomosis between the external carotid and the 
internal carotid is a very important one and confirms the classical views 
about the existence of this branch in the dog [Ellenberger and Baum, 
1891]; our findings, however, do not agree with the opinion of M. 
Schneider and D. Schneider, who consider this anastomosis as a very 
small and insignificant one, since they write: “Zwar bestehen zwischen 
dem Externa- und dem Internagebiet direkte Anastomosen, nimlich ein 
winziger Ast zwischen Meningea media und Interna und ein kleiner Ast 
zwischen Ophthalmica externa und interna. Sie sind aber ausser- 


- ordentlich klein und in keinem Falle vergleichbar den Kollateralen im 


Circulus Willisii, wovon wir uns durch Injektionspraparate iiberzeugt 
haben.”’ 

Since a very important anastomosis connects the internal maxillary 
artery with the internal carotid, we may at once suggest a purely physical 
explanation for the phenomena observed by M. and D. Schneider: the 
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external carotid or the internal maxillary artery being clamped, the flow 
in the internal carotid must indeed increase for two reasons; the first 
reason being the suppression of the flow coming from the anastomotic 


Fig. 1. Photograph of an original injected preparation in a dog. The injection has been 
made through the left internal maxillary artery. 1, internal carotid; 2, internal maxil- 
lary artery (prolongation of the external carotid); 3, “ramus anastomoticus” or in- 
ternal ophthalmic artery, going from the origin of the ophthalmic artery to the internal 
carotid; 4, arteria meningea media; 5, internal carotid, going to the circulus Willisii; 
6, circulus Willisii. Levels of occlusion: + a, occlusion of the internal maxillary artery 
before the origin of the arteria meningea media and of the ophthalmic artery; b—, 
occlusion of the internal maxillary artery beyond the origin of the arteria meningea 
media and before the origin of the ophthalmic artery; c—>, occlusion of the internal 
maxillary artery beyond the origin of the arteria meningea media and of the ophthalmic 
artery; d |, occlusion of the ophthalmic artery. 


branch which normally opposes the flow coming from the internal 
carotid; the second reason being the absence of blood supply by the 
internal maxillary artery to its area after clamping the external carotid 
or the internal maxillary artery itself. Under such conditions, the internal 
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carotid has indeed to supply, through the anastomotic branch, the blood 
to the arteries which depend normally on the internal maxillary artery 
and the flow through the internal carotid must naturally increase under 
these conditions. 


RANASTOMOTIOUS @/ RANASTOMOTICUS 
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AMAXILLINTERNA—> 
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CAROTIS COMMUNIS COMMUNIS —» 


Fig. 2. Blood vessel supply to the circulus Willisii and the brain, taken from a 
series of original preparations in dogs. 


EVIDENCE OF IMPORTANT VASCULAR 
CONNECTIONS BETWEEN INTERNAL AND EXTERNAL CAROTIDS. 


Having given the anatomical demonstration of the connection be- 
tween internal and external carotids, we will now consider the physio- 
logical evidence. For this purpose we have examined whether the central 
nervous system of a dog, the head of which is only supplied by the 
branches of the external carotid arteries, after exclusion of all the other 
arterial branches, could be kept alive and in good condition; if such an 
experiment is successful, the physiological demonstration would be given 
that very important arterial branches go from the external carotids to 
the cerebral circulation. To be sure that all the other branches excepting 
those coming from the external carotids were excluded, we perfused the 


isolated head of a dog B by a dog A, by connecting, with ney s cannule, 
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the cephalic ends of the common carotids of head B with the cardiac ends 
of the carotids of A and the cephalic ends of the jugular veins of head 
B with the cardiac ends of the jugulars of A, the internal and occipital 
arteries of head B being ligated and a crusher being applied to separate 
completely the head B from its trunk; the vagi only were kept intact 
between head and trunk of dog B, in order to allow us to examine the 
reactions of the cardio-inhibitory centre of head B. 

The following experiment can be given as an example of the results 
obtained 

Dog A 18 kg., dog B 16 kg. chloralosane anssthesia. Perfusion of the head of dog B by 
dog A: all the tissues of the neck of dog B are separated by means of a crusher, excepting 
both vagi; the thyroid arteries, the occipital arteries and the tissues between the origin of 
internal and external carotids of head B are ligated. The heart rate of trunk B is recorded 
with a manometer of Gad. 

17.05. Respiratory movements and palpebral reflexes of the perfused head are excellent. 
The internal carotid arteries of head B are then ligated: the perfusion of head B by the 
external carotids only is thus started. Heart rate of trunk B, 215. 

17.20. Palpebral reflexes still excellent, respiratory movements of the head normal, 
head very active. Heart rate of trunk B, 205, thus practically no slowing of the heart 
rate since 17.05. Both external carotids are then clamped; after 1 min. one observes a 
disappearance of the palpebral reflexes, respiratory movements of head B and a slowing 
of the heart of trunk B, the rate dropping to 145; after 14 min. the heart rate of trunk B 
drops to 100; this slowing of the heart is due to the stimulation of the cardio-inhibitory 
centre of head B by the central anemia produced by clamping off both external carotids. 

This experiment shows by means of a physiological test that very im- 
portant arterial branches must go from the external carotid arteries to 
the cerebral circulation, since they are sufficient, after clamping off all 
the other blood supply, to keep the brain alive and in excellent condition; 
one must admit, since we have also given the anatomical evidence, that 

the important arterial branches of the external carotids, supplying the 
nervous centres, are the direct and large anastomotic branches between 
the ophthalmic arteries and the internal carotids. ~ 


III. Origin OF THE INCREASE OF CEREBRAL BLOOD FLOW IN THE 
INTERNAL CAROTID BY CLAMPING OFF THE EXTERNAL CAROTID. 


M. Schneider and D. Schneider claimed that they observed’ an 
increase of blood flow in the internal carotid by clamping off the external 
carotid or its prolongation, the internal maxillary artery. No reactions 
were obtained by the occlusion of the lingual or of the external maxillary 
artery; on the other hand, clamping off the internal maxillary artery be- 
yond the processus pterygoideus and the origin of the arteria meningea 
media did not affect the blood flow in the internal carotid; the authors 
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therefore concluded that a cerebral vascviar reflex exists, which is pro- 
voked by blood-pressure changes in the arteria meningea media. How- 
ever, the authors do not mention the exact level of the occlusion beyond 
the arteria meningea media, so that it is impossible to know whether this 
clamping has been made in their experiments before or after the origin 
of the ophthalmic artery which gives off the anastomotic branch to the 
internal carotid. Therefore it seemed necessary to examine the changes 
occurring in the blood flow of the internal carotid after clamping the in- 
ternal maxillary artery and its branches at different levels. 


Fig. 3. Pressure (peripheral resistance and blood flow) in the cephalic end of the internal 
carotid of a chloralosanized dog. J—2, clamping and release of the internal maxillary 
artery (level + a, Fig. 1); 3-4, clamping and release of the internal maxillary artery 
(level c—>, Fig. 1); 5-6, clamping and release of the internal maxillary artery (level 
Fig. 1). 


To examine this question, we used Hiirthle’s method for recording 
the changes of the peripheral resistance in the vascular area of the in- 
ternal carotid. A mercury manometer was connected with the cephalic 
end of the internal carotid; the internal maxillary artery and its branches 
were then clamped at several levels on the same side or on the opposite 
side. In all these experiments the carotid sinus was denervated on the 
side where the internal maxillary artery was clamped in order to avoid 
vaso-motor carotid sinus reflexes. 

Fig. 3 shows the results obtained in one of these experiments. From 
1 to 2, the left maxillary artery is clamped before the origin of the arteria 
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meningea media and the anastomotic branch (level ta, Fig. 1); this 
clamping produces, as expected, a marked fall of pressure in the cephalic 
end of the left internal carotid. From 3 to 4 the left internal maxillary 
_ artery is clamped off (level c +, Fig. 1) beyond the origin of the arteria 
meningea media and the anastomotic branch (going off from the oph- 
thalmic artery) ; no change occurs in the pressure in the cephalic end of the 
internal carotid. From 4 to 6 the left internal maxillary artery is clamped 
(level 6 +, Fig. 1) beyond the origin of the arteria meningea media and 
before the origin of the ophthalmic artery (giving off the anastomotic 
branch to the internal carotid); in this 
case, although no decrease is produced in 
the pressure inside the arteria meningea 
‘media, still the same very marked fall 
occurs in the pressure of the cephalic end 
of the internal carotid. 

_ These experiments show that the 
decrease of flow through the anastomo= 
tie branch, even when it does not affect ay 
the pressure in the arteria meningea ™ 
media, provokes the typical fall of pres- 
sure in the cephalic end of the internal biscd flow} in the 
carotid artery (which must correspond of the internal carotid of a chloralosa- 


nized 1, ligature of the ophthal- 
to an increase of flow in this artery). (level 2-3, 


_ The following example of the further clamping and release of t internal 
‘results which we obtained confirms 
‘completely this observation. Fig. 4 
shows the record of the pressure in the cephalic end of the left internal 
carotid in a dog after isolation of the left internal maxillary artery and 
its branches and denervation of the left carotid sinus. Clamping off the 
ophthalmic artery (level d | , Fig. 1) produces an immediate fall of pressure 
in the cephalic end of the internal carotid. It is interesting, however, that 
in this case the occlusion of the ophthalmic artery produces a less marked 
decrease of the pressure in the cephalic end of the internal carotid than the 
occlusion of the internal maxillary artery before (level b +, Fig. 1) the origin 
of the ophthalmic artery. This can easily be explained : when clamping off 
the ophthalmic artery (level d |, Fig. 1) one suppresses the blood flow 
through the anastomosis between internal maxillary artery and internal 
carotid, and only a small part (ophthalmic artery) of the circulatory area 
of the internal maxillary artery is cut off, and so must be supplied by blood 
coming from the internal carotid. On the other hand, clamping off the 
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internal maxillary artery before the origin of the ophthalmic artery 
(level b> , Fig. 1) not only suppresses the flow through the anastomosis 
between internal maxillary artery and internal carotid, but it also sup- 
presses the connection of the internal maxillary artery with an important 
circulatory area normally supplied by it (all the branches coming from 
the internal maxillary artery beyond the ophthalmic artery) and which 
has now to be supplied by the internal carotid; in this case, the fall of 
pressure in the cephalic end of the internal carotid, and thus the increase 
of blood flow in this artery, must be of course much more marked than in 
the first case. 3 | 

The ophthalmic artery being clamped, the subsequent occlusion of 
the internal maxillary artery before the origin of the arteria meningea 
media (level + a, Fig. 1) does not affect in the slightest way the pressure 
in the cephalic end of the internal carotid artery (Fig. 4, 2). 

These experiments show that the origin of the decreased peri- 
pheral resistance, and thus the increased blood flow, in the 
internal carotid after clamping off the internal maxillary 
artery or the external carotid is not located in the arteria 
meningea media but in the anastomotic branch which con- 
nects the internal maxillary artery and the external carotid, 
through the ophthalmic artery, with the internal carotid. 


IV. CoNTROL OF THE REFLEX ORIGIN OF THE INCREASED BLOOD FLOW IN 
THE INTERNAL CAROTID AFTER DECREASING THE PRESSURE IN THE 
INTERNAL MAXILLARY ARTERY. 


Considering that the experiments described above show that the in- 
creased blood flow in the internal carotid, as observed by M. Schneider 
and D. Schneider after clamping off the internal maxillary artery, has 
its origin, not in the arteria meningea media, but in the anastomotic 
branch connecting the external carotid with the internal carotid, it 
seemed likely that the phenomena observed by M. Schneider and 
D. Schneider were to be explained in a mechanical hydrodynamic way. 
However, in order further to determine whether the observed phenomena 
were purely mechanical and not at least partly of a cerebral reflex 
origin, we tried to provoke the phenomena successively in a normal and 
in a decerebrated animal. 

Fig. 5 shows the record of the blood-pressure in the cephalic end of 
the right internal carotid in a anesthetized dog. Clamping off the right 


_ external carotid produces a marked fall of the pressure in the central end 
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of the right internal carotid (Fig. 5, 1). The dog is then completely de- 
cerebrated by removing the brain through an opening made in the skull. 
After decerebration, clamping off the right external carotid did produce, 
as before, a very intense fall of the cephalic pressure in the internal 
carotid, this decrease of peripheral resistance being even more marked 
than before the decerebration (Fig. 5, 2). Since our experiments show 


Fig. 5. Pressure (peripheral resistance and blood flow) in the cephalic end of the internal 
carotid of a chloralosanized dog. A, 1, occlusion of the internal maxillaryartery (level 
t a, Fig. 1). Between A and B the dog is decerebrated. B, 2, occlusion of the internal 


maxillary artery (level { a, Fig. 1). 


that the occlusion of the internal maxillary artery or the external carotid 
produces changes in the vascular area of the internal carotid which are 
just as marked after decerebration as before, we have to conclude that 
this phenomenon cannot be attributed to a meningeal-cerebral reflex. 
These observations may also explain why M. and D. Schneider 
still observed the increase of flow in the internal carotid after clamping 
the external carotid even when the bulbar vaso-motor centres had been 
excluded. 
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V. EXPERIMENTS OF ARTIFICIAL PERFUSION OF A DEAD HEAD OF A DOG 
BY MEANS OF THE INTERNAL CAROTID, BEFORE AND DURING A 
SYNCHRONOUS PERFUSION BY THE EXTERNAL CAROTID. 


In this series of experiments the head of a chloralosanized dog was 
completely separated from the trunk by means of a crusher. The nervous 
centres were killed by bleeding the animal, washing out its cephalic cir- 
culation by means of a cold Ringer solution and stopping the circulation 
in the centres during more than half an hour. The cephalic end of one 
internal carotid was then connected with a Dale-Schuster pump, the 


ce. Min. 
90 


Fig. 6. Perfusion of an isolated head of a dead dog through one internal carotid and one 
internal maxillary artery, both arteries being connected with two different Dale- 
Schuster pumps. Ordinates: blood flow through the internal carotid. From 16.58 
to 17.03 the head is perfused by the internal carotid only. From 17.03 to 17.07 
the head is perfused at the same time through the internal carotid and the internal 
maxillary artery (GM), the perfusion pressure through both arteries being maintained 
at the same level. At 17.07 the perfusion through the internal maxillary artery is 
interrupted again, the perfusion being maintained through the internal carotid only. — 


cephalic end of the internal maxillary artery on the same side being con- 
nected to a second Dale-Schuster pump, in order to measure syn- 
chronously the inflow through both arteries. The perfusion fluid used was 
a mixture of two parts of Ringer solution with one part of defibrinated 
blood collected the day before from another dog. The perfusion liquid was 
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allowed to escape through the jugular veins, the common carotid on the 
side opposite to the perfused arteries being ligated. 


Fig. 6 shows the results obtained in one of these experiments. The | 


curve shows the inflow of the pump which was perfusing the left internal 
carotid: this inflow being nearly 20.c. per min. when perfusing only 
through the internal carotid; the perfusion pressure in the internal 
carotid having been stabilized at 12 cm. Hg. The perfusion is then started 
also through the internal maxillary artery, with the same perfusion pres- 
sure as in the internal carotid (Fig. 6, @llml), and at once the inflow through 
the internal carotid artery drops markedly, reaching the low point of 5 c.c. 
per min, When the perfusion through the internal maxillary artery is 
stopped again, the inflow to the internal carotid immediately rises again, 
reaching the mean value of 12-5 c.c. per min. This increase of blood flow 
in the internal carotid, when the perfusion through the internal maxillary 
artery is interrupted, is even higher in this experiment on a dead dog 
than the values obtained by M. Schneider and D. Schneider in a living 
animal; these authors observed indeed only an increase of about 90 p.c., 
whereas the increase of blood flow in the Sxpermens described above 
reaches 150 p.c. 

These experiments confirm the idea that the so-called “meningea 
reflex” must without any doubt be explained only by mechanical hydro- 
dynamic factors and must be related to the direct connection between the 
internal external carotids. 

Discussion. 

In the experiments described above, we have investigated the theory 
put forward by M, Schneider and D. Schneider and accepted by KI. 
Gollwitzer-Meier and P. Eckardt. We were able to demonstrate that 
a very important branch connects directly the internal maxillary artery, 
the prolongation of the external carotid, with the internal carotid and 
the circulus Willisii; this branch is physiologically very important for the 
cerebral blood supply, since it is sufficient to keep the centres alive and in 
good condition when the brain is perfused only by the external carotids, 
all the other cerebral arteries being ligated. We were further able to 
demonstrate that the increased flow in the internal carotid after clamping 
the external carotid has its origin, not in the arteria meningea media, as 
propounded by M. Schneider and D. Schneider, but in the anasto- 
mosis itself which connects the internal carotid with the external carotid. 
Clamping off the internal maxillary artery beyond the arteria meningea 

media and before the origin of the anastomotic branch produces indeed 
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the typical change in the peripheral resistance (blood flow) in the internal 

carotid, which is also observed after clamping off the origin only of the 

ophthalmic artery giving off the anastomotic branch. On the other hand, 

clamping the internal maxillary artery before the origin of the arteria 

meningea media, after ligating the anastomotic branch, does not affect 

the circulation through the internal carotid artery. The phenomena de- 
scribed by M. Schneider and D. Schneider must be explained further 
by hydrodynamic factors, since they are just as marked in a decerebrate 

animal, or in a dead head, as in a normal animal. 

As a consequence of the very important direct connections ening 
in the circulus Willisii between the arteries supplying the nervous centres 
(Fig. 2), a purely hydrodynamic mechanism must also be admitted for 
explaining the increase of blood flow in the internal carotid when the 
external carotid is clamped, not on the same side, but on the opposite 
side. The same purely hydrodynamic mechanism explains why in the 
experiments of K]. Gollwitzer-Meier and P. Eckardt the occlusion of 
several arteries going to the bulbo-encephalic centres increases the flow 
in the other arteries going to the circulus Willisii. 

Our experiments do not support the existence of vaso-motor reflexes 
which would control the vaso-motor tone of the brain in relation with 
blood-pressure changes in the meningeal or cerebral vascular areas. They 
support the conclusion of our previous publications concerning the pas- 
sive changes of the cerebral blood flow by the modifications in the arterial 
blood-pressure, and also support our conclusions concerning the mech- 
anism and the role of the carotid sinus reflexes in the regulation of the 
cerebral blood flow and the cerebral blood-pressure. 


SUMMARY. 


1, In dogs a large direct anastomosis connects the external and 
internal carotids, going directly from the ophthalmic artery (a branch 
of the external carotid) to the internal carotid. | 

2. This anastomotic branch is physiologically very important in dogs, 
since the circulation through it is sufficient to keep the cephalic nervous 
centres alive in excellent condition when all the other arteries going to 
the centres have been excluded. : 

3. Experiments involving clamping the external carotid, or the in- 
ternal maxillary artery at different levels, or the ophthalmic artery, show 
that the decrease of the peripheral resistance (increased flow) in the in- 
ternal carotid is only observed when the ophthalmic artery (which is the 
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origin of the anastomotic branch) is clamped, and not when the clamping 


is limited to the arteria meningea media. 
4, As the changes in the peripheral resistance and in the blood flow 


through the internal carotid by clamping the external carotid are ob- 


tained equally well after decerebration or during perfusionofadeadhead = | 


as in normal conditions, such changes of blood flow cannot, of course, be 
related to meningeal reflexes or to cerebral vaso-motor reactions. 

5. The changes in the blood flow through the internal carotid by 
clamping the external carotid are related to hydrodynamic factors, the 
mechanism of which is to be explained by the existence of the large direct 
vascular connection between the internal and the external carotids. 


has sided grent the Josiah Mooy, Jr. Foundation, 
New York. 
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OBSERVATIONS ON BINOCULAR FUSION 
AND RIVALRY. 


By R. 8. CREED, Fellow of New College. 
(From the Department of Physiology, Ozford.) 
(Received March 4, 1935.) 


SINGLE vision with two eyes has been variously ascribed to an inability of 
the mind to be affected simultaneously by corresponding points of the 
two images, to a confluence of the twin retino-cerebral paths to a single 
common centre in the sensorium, or to the mere fact that with each eye a 
seen object is normally projected to one and the same place in the en- 
vironment. The last of these alternative views was held by Aguilonius 
[1613], Smith [1738], and Wells [1792], but by few nineteenth-century 
physiologists. It is now widely accepted as a result of the work of 
Helmholtz [1867], Sherrington [1904], McDougall [1911], and 
others, which indicates a remarkable independence of the two retino- 
cerebral apparatuses in the separate elaboration of percepts. In bino- 
cular vision, to quote Sherrington, “it is much as though, of the left 
and right. . .images, each were seen by one of two observers, with similar 
vision, and as though the minds of the two observers were combined to a 
single mind”’ (p. 56). The binocular percept is a psychical synthesis of 
two yniocular percepts which have been formed to a large extent in- 
dependently of one another. 

The usual effect of attempting to combine binocularly two differently 
coloured and differently contoured fields has been described by many 
writers [e.g. du Tour, 1761; Wheatstone, 1838; Panum, 1858; 
Hering, 1864, p. 313, and, 1879; Hartridge, 1915; Dawson, 1917, 
p. 533; Meenes, 1930]. It is that when, in the course of rivalry, a contour 
present in the field of only one eye comes into view, the parts of the com- 
bined field closely adjacent to that contour are seen in the same colours as 
though that eye alone were open. The corresponding part of the other 
field is completely suppressed. The two series of experiments 
described in this paper are intended to show that under some 


conditions this rule no longer holds. 
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The first series is based on Stirling’s [1901] experiment with postage 
stamps viewed in a stereoscope, which probably still remains the simplest 
method of demonstrating binocular fusion of colours to most individuals. 
Its effectiveness appears to depend on the intricate and identical design 
of the two stamps, whereby in spite of their different colours binocular 
fusion is greatly facilitated. Similar observations may be made, though 
not quite so satisfactorily, with the halfpenny and three-halfpenny stamps 


of the type which has just been superseded or of the type which has 


followed them, or with the current fivepenny and sixpenny stamps. 
Each of these pairs consists of stamps of identical design except for the 
_ words and figures expressing their values. The yellow-brown and purple 
of the last combine to give dark reddish brown, while the greens and browns, 
being almost complementary, fuse to appear dark grey or black. 

The modern stamps of many foreign countries, e.g. Germany, Holland, and Italy, are 
not, in my experience, of much use for such experiments. Successive rivalry alone tends to 
occur, particularly in strong illumination. This is perhaps in part attributable to lack of 
detail, there being no contours over much of their coloured surface, and in part to the more 
saturated hues employed. Unsaturated colours were found by Hering [1879, p. 593] 
and Dawson [1917] to show binocular fusion more easily than saturated. Some French 
stamps, however, can be employed. 

The results described below are obtained by a rather more aleisied 
experimental procedure, viz. presenting separately to the two eyes, in 
corresponding areas of their fields of vision, objects which differ slightly 
from one another in form, and also in either colour or brightness. The 
differences in form do not permit binocular fusion such as occurs, for 
instance, in stereoscopic vision. One or other form alone is seen at any 
one time in the binocular percept. But the difference between the uni- 
ocular percepts, while great enough to prevent complete fusion of con- 
tours, is not one of gross incompatibility. 


OBSERVATIONS WITH POSTAGE STAMPS. 


The recently introduced three-halfpenny stamps of this country differ _ 


from their “surface printed” predecessors in small particulars although 
the general design is unchanged. In the photogravure process the lines 
of shading previously present on the King’s head, in the background for 
the head, and in certain parts of the surrounding design are replaced by 
varying depths of uniform colour. The oval background of the head 
appears more solid, giving the impression that the head stands out in 
relief. The colour of the whole is a deeper and richer brown and the: new 
stamps are altogether more striking in appearance. 
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. When stamps of the two issues are presented simultaneously to the 
two eyes in a stereoscope they readily combine without alternating 
rivalry. The binocular percept has the following characters, Lines of 
shading are seen wherever there is shading on either of the objects, 4.e. 
the details of form are those of the old issue. Sometimes there may be 
slight evidence of rivalry between the lined and the solid backgrounds 
of the head. Elsewhere the shading is always as obvious as in the one 
stamp alone. The reason why the form of the less striking of the two 
objects should prevail will be discussed later. What is more surprising is 
that the colour of the binocular percept should usually be indistinguish- 
able from that of the other object, i.e of the new issue. The comparison 
is made easier by placing on one half of the stereoscope slide, beside one 
of the stamps contributing to the combination, specimens of each com- 
ponent. The effect has been observed at illuminations ranging from 
20,000 to 4 m.c. 

Similar observations may be made with the old and new issues of 
halfpenny stamps. The lines of shading on the old are always seen, but 
not the colour. The difference in colour in this case is not so marked, and 
it is more difficult to say whether the colour of the binocular percept is 
that of the new issue or an intermediate shade of green. It appears often 
to be the latter. At any rate we are not dealing with the common type of 
binocular rivalry in which the form that prevails brings with it the colour 
of its own object. 

' More complicated effects can abe studied by combining, for example, a 
green halfpenny stamp of the new issue with a brown three-halfpenny of 
the old. The result is influenced by such factors as the colour and in- 
tensity of the illumination, and of course persons in whom one eye is 
markedly “stronger” than the other are unsuitable subjects for this and 

for most of the other experiments here described. Steady binocular 

fusion is, as a rule, readily obtained, though occasionally successive 
rivalry with the alternate appearance of each of the uniocular presenta- 
tions may occur. In the absence of successive rivalry the design of the 
binocular percept is invariably that of the brown stamp with its lined 
background. The colour, however, is green or dark grey (almost black). 
The green is rarely so intense as that of the green stamp, and even when 
most clearly seen in probably a combination colour of the rich green with 
the duller brown. As one would expect, it appears more vividly when the 
intensity of the latter is diminished by interposing a neutral-tint filter 
with a transmission-factor of 0-5 before the appropriate eye. The com- 
‘bination colour varies, however, from time to time during observation 
PH. LXXXIV. 25 
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under constant external conditions between green and a dark grey or 
black with barely a trace of green visible. In my experience strong light, 
e.g. 10,000 m.c., seems to favour the appearance of green more than weak 
artificial light, e.g. 35 m.c. So too, for me, does placing the green stamp 
before the right eye rather than before the left. (I have other reason for 
believing that I normally pay slightly more attention to what I see with 
my right eye than to what I see with my left [Creed and Harding, 
1930, p. 434].) Similar observations can be made with a new three-half- 
penny and an old halfpenny stamp. Successive rivalry almost never 
occurs, and the shading but not the colour of the old design is seen. 
The new penny and halfpenny stamps both show the King’s head on 
a medallion surmounted by a crown. This part of the design of the two 
stamps is identical except in colour, whereas in all other features they are 
entirely different. When an attempt is made to combine them in the 
stereoscope, there is a tendency to successive rivalry between the two 
objects. Particularly if attention is concentrated on the heads, however, 
fusion of the red and green colours to give dark grey or black is not 
difficult to observe. It occurs, I think, more readily in weak illumination 
than in strong, but can be obtained when the illumination is as high as 
7000 or even 20,000 m.c. The interesting point is that the combination 
colour is not confined to the head, medallion and crown, but may, and 
generally does, extend to features present on only one of the objects 
[cf. Dawson, 1917, p. 538]. Thus if, as usually happens, the design of 
the halfpenny stamp prevails in rivalry, the sea monsters present on it 
alone, together with the words “Postage, Revenue”’ to left and right of 
the head, usually appear, not green, but black. Conversely, when the 
design of the penny prevails, the oak and bay leaves are commonly black 
and not red. Successive rivalry of forms is therefore not necessarily 
accompanied by successive rivalry of the corresponding colours. Often, it 
is true, there is a greenish tinge about the black in the former case, and a 
reddish tinge in the latter, but if, beside one of the stamps on one half of 
the stereoscope slide, second specimens of the two stamps concerned are 
mounted for comparison, it is clear how far removed the colour of the 
binocular percept may be from that of the stamp which it resembles 
in design. When, as in strong illumination, rivalry is marked, the sea 
monsters may appear as green in the binocular percept as in the uniocular. 
More commonly, however, they are black, or black with the merest trace 
of green. They are never red. The phenomenon would seem to be essen- 
tially the same as that described in the last paragraph, in which, without 
any visible change of form, the colour of a composite binocular percept 
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might vary from time to time. But what was there described is perhaps 
in one way more striking, for it would be equivalent to the sea monsters in 
this case sometimes appearing red. In another way the present case is 
- more striking, since the position of the monsters is occupied by an 
entirely different design on the red stamp. 


OTHER OBSERVATIONS. 


The main fact emerging from the experiments described above is that 
when the form or design of an object seen with one eye prevails in 
binocular rivalry over that of another object occupying a corresponding 
region of the field of vision of the other eye, such a property of the former 
object as its colour may nevertheless be modified. The dissociation of 
form from colour, texture, and brightness in the building up of a bino- 
cular percept may also be shown by the following additional experiments. 
They are so simple that it is difficult to believe that they have not been 
made before. But if they have, the results have not, so tar as I am aware, 
been published. 

It is well known that if, in a stereoscope or hapioscope, a sheet of 
white paper covered with print is presented to one eye and a uniform 
white field of the same luminosity is presented to the other, it makes no 
difference to the appearance or legibility of the print whether the latter 
_ eye be open or closed. If, on the other hand, the uncontoured field of the 
latter eye is replaced by a highly coloured field, or if contours are intro- 
duced into it, rivalry between the contents of the two fields is likely to be 
observed. The rivalry may be successive and alternating over the whole 
field, or simultaneous and patchy, but in any part of the combined field 


~---one or other of the uniocular presentations is alone visible at any one 


moment. 

Let now some black printing on smooth white paper occupy the left : 
half of a stereoscope slide. Cover the right half with cream-coloured 
paper with a slightly rough texture. On examination with a stereoscope 
over a wide range of illuminations, the print is clearly visible, but it 
appears on a homogeneous background showing the tint and the texture 
of the plain paper seen with the right eye. 

If both fields are occupied by sheets of the same plain white paper, the 
binocular and uniocular brightnesses are alike. When a neutral-tint filter 
of transmission factor 0-5 or 0-1 is introduced before one eye, Fechner’s 
[1861] “‘ paradoxical” effect is readily observed, 1.e. the binocular bright- 
ness is intermediate between the two uniocular brightnesses. (In artificial 
25—2 
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illumination of about 35 m.c. I find that the binocular brightness is less 
with the 0-5 than with the 0-1 filter, while with stronger illuminations the 
reverse is true [cf. Aubert, 1865, p. 289]. At low illuminations with the 
0-1 filter, the brighter of the two uniocular fields seems to be contributing — 
more to the binocular percept than is the darker. The same is doubtless 
happening to a greater or less extent at all illuminations with all filters.) 
Now replace the plain paper in front of the left eye by a printed sheet of 
the same paper. When a 0-5 filter is interposed before the right eye, no 
rivalry occurs, but the print seen only with the left eye appears on a 
uniformly darker background than it did before, or than it does on 
closing theright eye. Hence the uncontoured field of the right eye evidently 
combines binocularly with the background of the printed type so far as 
brightness is concerned, though it does not combine or enter into rivalry 
with the contours present in the field of the left eye. That the left eye 
predominates, not only on contributing contours, but also to some extent 
in contributing brightness, can be proved, however, by noting that the 
background darkens more with the filter before the left eye than before 
the right. But in this case, too, the right eye is making some contribution 
to binocular brightness, since the background of the letters darkens on 
closing the right eye. 

With a 0-05, or even in good illumination a 0-01, filter before the left 
eye, the print remains clearly visible but on a much brighter background 
when both eyes are open than when the right is closed. When the same 
filters are placed before the right eye, it makes no difference whether that 
eye be open or closed; its dark uncontoured field contributes nothing in 
rivalry with the other. There is then a tendency in all these experiments 
for the field containing the print to predominate in respect of brightness, 
but that dominance is far from complete, whereas in respect of form its 
dominance over the uncontoured field is invariable and absolute. Par- 
ticularly with the darker filters, successive or simultaneous rivalry is often 
troublesome. The above descriptions apply only in the absence of manifest 
rivalry. 

A similar darkening of the background of the letters may be obtained 
by putting black paper, which actually reflects a good deal of the light 
incident upon it, over the right half of the stereoscope slide. On first — 
looking into the stereoscope, the observer often notices rivalry between 
the two fields. Either the black paper alone is seen to the exclusion of the 
print over much of the combined field, or, more commonly, the letters are 
all seen on their white background while gaps in the printing are occupied 
by the black paper. But this rivalry soon gives place to fusion in which a 
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uniform grey background extends uninterruptedly behind the letters and 
across the gaps. 

The background may also be modified by putting coloured paper on 
the right half of the slide. With a rather saturated blue and with a deep 
crimson, I find persistent rivalry of the types described above. With 
unsaturated yellow, green, or red, fusion readily occurs and the printing 
is seen on @ uniform background of pale yellow, pale green, or pink 
respectively. It should be emphasized that the colour then extends with- 
out change of intensity or saturation right up to and behind each indi- 
vidual letter. During periods of rivalry, on the other hand, the colour, 
which may be as deep in gaps among the printing as in right eye uniocular 
observation, becomes less saturated as one approaches a line of print, 
until finally it is replaced by white as the immediate background of the 
letters. Fusion occurs more readily in weak (35 m.c.) than in strong 
illumination. It is also facilitated by using small irregularly cut pieces of 
printed and coloured paper, of identical size and shape, placed in cor- 
responding positions on the two sides of the stereoscope slide. The simi- 
larity of the contours bounding such objects seems to favour colour fusion. 
Finally the brightness of the surface on which the pieces are mounted 
influences the result. | 

Further observations of a similar nature can be made by looking with 
one eye at printing on coloured paper and with the other at plain white, 
black, or coloured paper. With many combinations persistent rivalry is 
seen, although the precautions described above have been taken to 
minimize it. With others fusion is always complete in the sense that the 
printing is perfectly distinct and is seen on a uniform background of 
modified colour. With others again the variations of rivalry are constantly 
occurring, but the print is frequently seen on a background not its own; 
occasionally, in fact, the unmodified colour of the plain paper may be 
seen extending right behind the letters, but more often the background 
is a synthesis of the colours of the two papers. As a rule the colour fusion 
occurs most readily when the two components do not greatly differ from 
one another, but there are strange exceptions. Thus the printing on the © 
familiar pale pink wrapper of this Journal may have the colour of its 
background altered by combining in a stereoscope a piece cut from it, not 
only with a piece of crimson paper of similar shape, but also with a piece 
of deep blue paper at illuminations as high as 3000 m.c. If the piece of 
the wrapper contain no printing, persistent rivalry is, in my experience, 
the rule in the last experiment and the blue prevails more often than the 
pink. The presence of contours evidently favours the appearance of their 
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pink background but does not necessarily cause suppression of the 
homogeneous patch seen with the other eye. On the contrary, the latter 
commonly manifests itself by modifying the colour of the pink. The im- 
pure colours reflected from pigments do not lend themselves to accurate 
work, so no attempt has been made to study in detail the factors in- 
fluencing fusion and rivalry. The only point to be made is that the 
contours seen in these experiments often appear on a background not 
their own. | 


Discussion. 


It has been shown that in binocular rivalry prevalence of form does 
not necessarily involve simultaneous prevalence of the colour with which 
that form is objectively associated. In the experiments with postage 
stamps, lines of shading and other features present in only one of the 
stamps were found to have their colour modified to a varying extent in the 
direction of the colour of the other stamp. In the additional observations, 
the background immediately adjacent to black printed letters presented 
to the left eye was often found not to be the same for binocular and 
uniocular vision. The uncontoured field seen by the right eye modified 
the background of the print, not only in the gaps between words and lines, 
but also, and to the same extent, behind the individual letters. It is not — 
in the least surprising that uncontoured parts of the field should show 

binocular combination, but one would expect rivalry in the printed areas 
to manifest itself either by the alternate appearance there of the right eye 
and left eye fields, or, more probably, by the persistent dominance of the 
letters with complete suppression of the right eye field in their immediate 
neighbourhood. 

The conditions under which I have found this unexpected effect have 
one thing in common: the component uniocular fields are not grossly 
unlike or incompatible with one another. Although they differ both in 
form and in colour or brightness, either the main features of the design 
are the same in both, or contours are totally lacking in one of them. In 
the latter event, the contoured field consists of a definite background on 
which letters are seen, and the plain ground of the other field combines 
with that background. The postage stamps differ from one another only 

in detail such as shading. Dawson (1917, p. 539], in his valuable work 
on binocular colour mixture, found that fusion was facilitated by the 
presence of identical contours in the two fields. A contrary, buterroneous, 
opinion had previously been expressed by others. Dawson adds (p. 16) 
that “it is not so much similarity of contours that facilitates mixture, as 
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similarity of their meaning’’. There can be little doubt that in Stirling’s 
experiment and in the experiments here described the similarity in 
design of the stamps is largely responsible for the absence of rivalry. 
Since my own observations were made, I have come across confirma- _ 
tion of one of them in Dawson’s paper. Describing pairs of stamps, alike 
in design, but different in colour and in the words expressing their values, 
he says (p. 538): “When they were combined in the stereoscope, these 
words appeared alternately and were often seen, not in their own colours, 
but in a mixed colour like that of the rest of the stamp... ‘ Thus the colour 
of the predominating contour was modified by the colour seen by the other 


eye, even though the contours of the latter were not seen.” 


When the conditions just outlined are fulfilled, it seems that various 
attributes of the uniocular percepts may be to some extent dissociated 
from one another, so that they contribute relatively different proportions 
to the combined binocular percept. The content of each visual field does 
always enter consciousness as a whole: the form of one may appear with 
the colour of the other or with a binocular mixture of colour or of bright- 
ness. In the first experiment with postage stamps the form of the less 
striking of the two objects is seen in the colour of the more striking. The 
form that here prevails is that in which lines of shading occupy corre- 
sponding positions to uniformly coloured areas of the other stamp. It is an 
example of the prevalence of contours in binocular rivalry, which has 
impressed every worker in this branch of physiology since Panum [1858]. 
The importance of contours in all aspects of vision has recently been re- 
emphasized by Miiller [1934] and is undisputed. In the additional 
observations, too, contours are found to prevail in the binocular percept, 
and they do not necessarily bring with them the brightness or the colour 
of their own uniocular background. That background does, however, 
tend to contribute rather more to the combined effect than does the 
uncontoured field of the other eye. 

In the synthesis of a binocular percept the differences of form, of 
colour, of brightness, and of texture between two unlike uniocular 
presentations may thus behave, to some extent, independently of one 
another. From a physiological point of view, a sensation is perhaps not 
such an abstract conception as is sometimes supposed, for the uniocular 
percepts in the cases under consideration seem to be dissected without the 
exercise of intellect or analytical judgment into distinct sensory attri- 
butes. Whether it is justifiable on these grounds to postulate separate 
cerebral “centres” for the appreciation of form, colour, brightness, 
flicker, movement, and so on, must be left an open question. 
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In an attempt to express in a common formula the facts of binocular 
brightness, binocular rivalry, and binocular colour mixture, Hering 
[1864, pp. 308-12] put forward a Law of Complemental Shares, according 
to which, if one uniocular apparatus contributes 1/n of its sensation to 
the binocular product, the other contributes (1 —1/n) of its sensation. The 
law gives no clue to the expected value of n under any given experimental 
conditions. It accords with the experimental finding that when two 
intensities of brightness are combined the product does not exceed the 
brighter nor fall below the darker in apparent brightness [Fechner’s 
experiment, 1861]. It also accords with the fact that a binocular mixture 
of red and blue may oscillate through various shades of purple inter- 
mediate between the red and the blue during observation. Examples of 
such variation in a binocular colour mixture were given above. 

An observation which is difficult to reconcile with Hering’s Law has 
been recorded by Sherrington [1904, p. 48]. A small bright circular 
image, bisected by a fine vertical cross-wire, was thrown on the left 
retina. On the corresponding area of the right retina was thrown an 
equally bright image, which resembled the first except that one lateral 
half of it was blacked out and that it flickered slightly. On binocular 
observation, the two discs fused to appear as a single disc of which the two 
halves were equally bright, and flicker was discernible. It is then certain 
that the right eye contributed a quota of flicker though the black half of 
its disc did not at the same time detract from the brightness of the steady 
half of the binocular percept. It is conceivable, but unlikely, that the two 
halves of the disc seen with the left eye behaved as separate objects, and 
that one half was dominant in rivalry with the unilluminated area in the 
corresponding part of the field of the right eye, while the other half fused 
with, or was dominated by, the flickering object. 

More plausible and equally in accordance with Hering’s Lew would 
be an explanation based on the results of the present experiments, which 
indeed offer precisely the same difficulties to a simple application of the 
law. Flicker form and brightness may have behaved to some extent 
independently of one another in the binocular synthesis. In respect of 
each of these qualities or properties separately, the law may be a valid 
expression of the facts, while the values of n may be different for the three 
of them. However this may be, Sherrington’s observation seems to be 
an exact parallel to what has been described in this paper. 

It must be admitted that the Law of Complemental Shares is in any 
case no more than a convenient empirical shorthand formula, which in 
itself provides no explanation of the mechanism underlying binocular 
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vision. Dawson [1917, p. 5) has given other reasons for doubting its 
value as an intelligible statement of the facts. Apart from the difficulty of 
expressing the intensity of a sensation in quantitative units, it may also 
be held that the relative contribution of the two eyes is incapable of 
measurement, But work on binocular colour mixture and Fechner’s 
and Aubert’s experiments on brightness mixture seem to make it 
certain that, in the absence of any fluctuations of rivalry or of complete 
dominance of one uniocular component, the two eyes do not always 
contribute equally to the binocular sensation, and that their relative 
contributions, both then and in. rivalry, are not obviously at variance 
with the law. 


When two postage stamps of similar but not identical design and of 
different colour are binocularly combined with the aid of a stereoscope, 
the design of only one of them is seen, but its proper colour may be 
modified. The colour is usually a combination colour derived from the 
two objects, but with some arrangements it may closely approximate to 
that of the other stamp. A contour which prevails in rivalry does not 
necessarily bring with it the colour of its own object. 

When a printed piece of paper seen with the left eye is combined with 
a plain piece of identical shape and size seen with the right eye, the 
apparent colour, texture, and brightness of the background of the letters 
may similarly be modified in the direction of the right eye percept without 
any rivalry, fluctuating or patchy. In respect of brightness it can be 
shown, however, that the field containing the printing does contribute 
more than the other to the binocular percept. 

The conditions under which this unexpected dissociation of form from 
colour and from other attributes occurs in the binocular synthesis are 
_ discussed. Two examples of the phenomenon are cited from earlier 
publications. 
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THE EFFECT OF HASMORRHAGE OF VARYING 
DEGREE ON BLOOD AND PLASMA VOLUME, 
ON BLOOD SUGAR, AND ON ARTERIAL 
BLOOD-PRESSURE. 


By J. DOUGLAS ROBERTSON. 


(From the Courtauld Institute of Biochemistry, 
Middlesex Hospital, London, W.1.) 


(Received. March 14, 1935.) 


Tr has been known to physiologists for many years that, if an animal be 
bled, the blood that is left is found shortly afterwards to be more dilute 
than before, indicating an entrance’ of tissue or other fluid into the 
circulation. Thus, Bierfreund [1891] found, in 188 subjects after some 
operative procedure which involved loss of blood, a fall in the hzemoglobin 
and the red blood cells up to the 4th or 6th day after the operation. 
After this an increase in both took place until on the 20th day after the 
operation complete regeneration of the blood had taken place. Koeppe 
[1895] found that the red corpuscles and hemoglobin of a rabbit of 
620 g. fell from 5,576,000 to 4,408,000 per c.mm. and from 55 to 40 p.c. 
respectively # hour after 20 g. of blood had been withdrawn by vene- 
section. Tscherewkow [1896] got similar results with dogs observed 
40-60 min. after a hemorrhage, and in addition he found a fall in the 
total.solids of the plasma. Starling [1895-6, 1909], extending these 
observations, found that after total extirpation of the abdominal viscera, 
the organism reacted in the same way as a normal animal to a hemorrhage. 
He concluded, therefore, that this absorption of fluid by the blood vessels 
after a hemorrhage took place throughout the body. Halland Eubank 
[1896] found only a slight decrease in hemoglobin after withdrawal of 
40 p.c. of the total volume of blood of a dog. Dawson’s [1901] experi- 
mental findings seemed to agree with those of the previous authors, but 
his interpretation differed. Dawson defined a primary fall in hemoglobin 
occurring during bleeding and a post-hemorrhage fall occurring after 
the bleeding had ceased, the latter being due to a shortening in the lives 
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of corpuscles of an immature nature which had entered the blood after 
hemorrhage. Boycott and Douglas [1909] recognized that dilution 
of the blood after hemorrhage was rapid, and in the course of recovery 
after hemorrhage they found that the original volume might be ex- 
ceeded. Their observations began from 1 to 4 hours after hemorrhage and 
were continued for several days. The European War gave Robertson 
and Bock [1919] an opportunity to study this problem on wounded 
soldiers. ‘It must, however, be realized that their observations on soldiers 
wounded and shocked as well as suffering from loss of blood are not 
exactly comparable with those following a controlled hemorrhage. They 
recognized that, following hemorrhage, the body promptly began to add 
fluid in an attempt to make up the total blood bulk to its previous 
amount, but they mentioned at the same time that there was little 
actual knowledge concerning the rapidity with which this dilution 
occurred. Keith [1919] also recognized that the withdrawal of blood 
was followed by a rapid return of the blood to its original volume. He 
made observations on a blood donor an hour after 880 c.c. of blood had 
been withdrawn, and noted not only maintenance of blood volume but 
an actual increase—findings not inconsistent with those of Boycott 
and Douglas. More recently Graham [1931] has drawn attention to 
the dilution of the blood after hemorrhage, which he in common with 
previous observers looked upon as a favourable sign; but Graham 
considered this dilution took several days. Hirota [1928] from experi- 
ments on rabbits concluded that it was probable that the maximum 
restoration of blood volume was attained within half an hour of bleeding. 
Peters and van Slyke [1931] have mentioned that if the hemorrhage 
is large shock might ensue, when blood volume would not be restored. 
They stated that if adequate fluids were given, the plasma volume might 
return to normal limits within 24 hours. It can be seen, then, that 
while the subject of blood volume after hemorrhage has received 
sporadic attention since 1895, little or no work has been done upon the 
rapidity of the changes which take place, and it was with the object of 
defining more accurately than had hitherto been done the courses of 
blood and plasma volumes that the observations now to be reported 
were made. The work afforded an opportunity for studying also the 
effects of hemorrhage on blood sugar and on arterial blood-pressure, 
and for seeing whether correlation existed between the variations in 
blood-pressure and those in blood volume. 
Claude Bernard [1877] recognized that bleeding increased the 
percentage of sugar in the blood. Rose [1903], Anderson [1908], 
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Jacobsen {1913}, Allen [1913], and Scott [1914] have since con- 
firmed these observations and the accepted opinion has been that the 
concentration reached its maximum about 30 min. after hemorrhage, 
and remained high for 3-4 hours. Schenk [1894], after ligating the 
hepatic vessels, found that the blood sugar did not rise but fell following 
hemorrhages. Mann and MaGath [1922] more recently confirmed this 
observation. The mechanism by which this release of sugar from the 
liver took place was further studied by Nishi [1909], who found that 
the hyperglycsemia took place after (1) bilateral section of the splanchnic 
nerves, and (2) destruction of both adrenals. He concluded, therefore, 
that the hyperglycemia was due to some action exerted directly upon 
the liver without the intervention of the nervous system. Epstein 
and Baehr [1914], apparently unaware that transudation of fluid took 
place after hemorrhage, thought the hyperglycemia was a compensatory 
response on the part of the body to maintain the total circulating sugar 
constant. 

There may be a great loss of blood from hemorrhage without there 
being any appreciable alteration in the blood-pressure, and it is believed 
this is due to the vaso-motor mechanism which responds to a fall in the 
volume of the blood by producing vaso-constriction. Schafer [1900] 

stated that bleeding to the extent of 1-88~-2-82 p.c. of the weight of an 
, animal caused only an insignificant fall of arterial tension. Bayliss 
[1919] on the assumption that the blood volume of a cat was 49 c.c./kg. 
of body weight removed, by bleeding, 30 p.c. of the total volume of 
blood, The blood-pressure fell from 100 to 50 mm. Hg, and immediately 
afterwards it began to rise and reached 80 p.c. of its initial height in 
42 min. When, by bleeding, 40 p.c. of the blood volume was removed, 
the blood-pressure gradually fell until death resulted in 2 hours. 
Robertson and Bock [1919] stated that if the blood volume was 
diminished beyond a certain limit, the blood-pressure fell, and that the 
extent of the fall was roughly parallel with the diminution in blood 
“volume. If the blood-pressure fell below 95 mm. Hg. then the blood 
volume was below 70 p.c. of its original total. If the blood-pressure was 
below 80 mm. Hg then the blood volume was below 60 p.c. of its original 
total. It must, however, be realized that the conclusions of Robertson 
and Bock were based on observations carried out on shocked soldiers. 
Shock and hemorrhage are two different conditions, although each may 
have some bearing on the other. Further, blood-pressure did not go 
hand in hand with the restoration of the blood volume. 
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EXPERIMENTAL METHODS. 


Cats anesthetized by intraperitoneal injection of “Nembutal” 
(sodium ethylmethylbutylbarbiturate, Abbott Laboratories, Montreal), 
0-5 e.c. (0°03 g.)/kg. of body weight, were the sole animals employed. 
Chloralose was avoided, as in quantities sufficient to produce anesthesia 
it produces a rapid concentration of the blood with a corresponding 
diminution in blood volume [Dryer and Walker, 1913]. A cannula in 
the carotid or femoral artery was connected with a manometer, while on 
the other side of the animal a cannula was placed in the carotid for the 
purpose of bleeding. A sample of blood was taken by cardiac puncture 
2 or 3 min. before hemorrhage was commenced, The animal was then 
allowed to bleed to the desired amount. Immediately hemorrhage 
was finished another sample was taken from the heart, and this was 
repeated at intervals of 5 min. for the first quarter of‘an hour. Samples 
were taken 4 and 1 hour after the end of hemorrhage. The blood 
withdrawn in each case was 1-5c.c. Direct cardiac puncture with a 
syringe and fine needle was performed, because Cannon has pointed 
out that when hemorrhage occurred with shock, the peripheral blood 
capillaries contained relatively more corpuscles in a given volume than 
did the veins, though in both the number was reduced. Emerys- 
Roberts [1919] and Robertson and Bock [1919] confirmed these 
findings. Under these circumstances hemoglobin determinations on 
blood taken from the capillaries or the vein might be misleading. Direct 
cardiac puncture also avoids a danger which exists when blood is taken 
from a cannula in a vessel, namely that a true specimen of the circulating 
blood is not obtained because of a residue of blood in the cannula. 
Further, the dangers of a blocked cannula due to clotting of blood are 
avoided. 

The hemorrhage consisted of varying percentages of the total 
calculated blood volume, assuming the normal volume to be 70 c.c./kg. 


of body weight; the percentages chosen being 12, 16-5, 22, 25, 28, 30, 
32 and 37-5. 


|THE EFFECT OF HAMORRHAGE ON BLOOD AND PLASMA VOLUME. 
_ Determinations of blood volume. 
(a) Total blood volume. 


It was assumed that the volume of blood before the experiment was 
70 c.c./kg. of body weight. Changes in blood volume were determined 
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subsequently by hwmoglobinometry. The colorimetric acid hematin 
method of Newcomer was adopted [1919]. 


For normal hemoglobin values, 0-1 c.c. of blood was transferred to 40 c.c. of 0-1 N HCl. 
The pipette was washed several times in the solution by repeatedly sucking up and blowing 
out some of the liquid, After the lapse of 2 hours, colorimetric comparison was commenced. 
In all cases the normal blood of the animal was used as a standard, the other solution 
being compared with this, and the hemoglobin content of each specimen referred to the 
normal blood. The “normal” hemoglobin value was determined by comparison with the 
Newcomer glass standard, which had previously been standardized, using blood of which 
the hemoglobin content had been found by an oxygen capacity method. In using the 
glass standard, the acid hematin solution was poured into both cups of the colorimeter, 
and with the depth set at 10 mm. on both sides, the light was adjusted so that a perfect 
match was obtained. The cup on one side was then filled with water and set at 10 mm. 
after the insertion of the glass plate in the top of the plunger of the Klett colorimeter. 

In order to avoid the dilution effects of anti-coagulants the blood was pipetted im- 
‘ .mediately after withdrawal from the animal and before clotting commenced. When the 
hemoglobin content of the blood was obviously lower than the “normal”, more than 
0-1 c.c. of blood was used in an effort to get the depth of colour in all diluted specimens as 
near the “normal” as possible. 


The accuracy of the method of determining the blood volume by 
hemoglobinometry has been carefully investigated by Mendel and 
his colleagues [1916]. Control experiments by them under. conditions 
which included the present experimental conditions, showed without 
doubt that the hemoglobin is a measure of the blood volume. It was 
the method employed by Robertson and Bock [1919]. It must be 
remembered that blood production does not commence until 24 hours 
after hemorrhage. 


(6) Plasma volume. 


This was determined from hematocrit values. The minimum quantity 
of potassium oxalate was used as anti-coagulant, and after several 
inversions of the container, blood was withdrawn into finely graduated 
capillary tubes of uniform bore. The tubes were then placed in an 
hematocrit attachment fitted to an electric centrifuge, and centrifuged 
until a minimum reading of the cell volume was obtained. This process 
usually occupied over 30 min. Duplicate determinations were performed 
on each blood sample. The calculations were carried out as follows: _ 

No. 79. Cat weight =2°76 kg. Blood volume (70 c.c. per kg.) =193 c.c. 

 Oontrol blood. VYolume=5c.c. Heemoglobin=100 p.c. Hematoerit 
=21-5 p.c. red corpuscles. 

Hemorrhage blood. Volume =19 c.c. Hemoglobin =95 p.c. Hamato- 
crit = 20 p.c. 
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Sample of blood from heart after hemorrhage. Volume=1-5 c.c. 
Hemoglobin =90 p.c. Heematocrit =19 p.c. 
The volume of blood in circulation immediately after hemorrhage 
can be calculated from formula 3 
193 x 100 = 902 +-(5 x 100+19 x 95). 
= 189 c.c., 68-5 c.c./kg. 
By a similar calculation the volume of blood in the circulation at 
5, 10 and 15 min. after hemorrhage can be determined. 


5b | 

80 


| Slight fall in theo- 
O32— | c.c. every 5 min. 
15 10 5 a 10 15 20 
Period of hemorrhage. Min. End of Time after hemorrhage. Min. 


In order to determine the theoretical volume of blood which would 
be expected to remain in the circulation, the calculation was made in 


the following way : Original volume—(blood removed for contrgl +heemor- | 
rhage blood). It is seen that the hemorrhage blood is more dilute than 
the original blood in the animal before it was bled, due to the pouring 
in of fluid from the tissues. For the calculation of the theoretical blood 
volume left, all blood removed was reckoned in terms of original blood, i.e. 


193 — (5 + 19 x = 1700.0. = 61 c.c./kg. 
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Plasma. 5 = 55 c.c./kg. 


Plasma removed (100 p.c.) = 5 x + 18x = 18c.¢. 


Theoretical plasma left = 151-5 —18 = 133-5 c.c. =48-5 c.c./kg. 

The curves in Fig. 1 represent the changes which take place in the 
blood volume (calculated as the number of c.c. per kg. of body weight) 
after hemorrhage has taken place in various amounts. The ordinate 
represents the volume of blood, and the abscissa represents the periods 
between the different observations. 0! and 0? mark the end of the 
hemorrhage, and on 0! is charted the theoretical blood volume, while 
on 0? is charted the actual blood volume found. To the left of 0! dotted 
lines leading to the original blood volume along the 70 line indicate the 
duration of the hemorrhage. 

Immediately above the curves of the hemorrhage is the curve of 
the normal control. Other than the hemorrhage, the same procedure 
was adopted as in the previously reported cases of hemorrhage. The 
dotted line here indicates the slight fall in the theoretical blood volume — 
due to the removal of 1-5 c.c. samples of blood. 

The curves in Fig. 2 represent the changes which take place in the 
plasma volume after hemorrhage. The ordinate represents the volume of 
‘plasma and the abscissa represents the intervals of time between the 
different observations. In view of the varying amounts of plasma per kg. 
in different cats, and in order to plot the observations on one comparable 
chart, the reading of the normal plasma volume per kg. of each cat was 
assumed as 100 units and subsequent readings were corrected to this 


figure, e.g. Exp. No. 79: 


Plasma volume 
Normal control 55 c.c./kg. = 100 units 
Immediately after hemorrhage 55 ,, = ” 
5 min 53 ” = 96 ” 
10 min, after hemorrhage. , wl ,, 
15 min. after hemorrhage 
plasma left 48°5 ” = 88 ” 


As in Fig. 1, 0' and 0? mark the end of the hemorrhage, and on 0! is 
charted the theoretical plasma volume while on 0? is charted the actual 
plasma volume found. 
In the table (p. 400) are recorded in detail the changes which took 
place in the blood stream immediately after hemorrhage was finished. — 
- Column (A+B) represents the total amount of fluid which had entered 
the blood stream as a result of hemorrhage, column A representing 
that which remained in the circulating blood and column B that which 
was removed from the blood stream with the hemorrhage blood. The 
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tion of circu- hemor- 


per- hwmor- lating rhage Total Vol. ‘Total Vol. 
centage Weight rhage blood blood vol. perkg. vol. permin 
inkg. (min.) A B A+B permin. OC per kg 

2-76 1 2% 36 3-25 

4:5 5 43-5 l 44-5 2-0 37 1-64 

3°12 5 24 4 28 18 38 

3-4 6 33 3 36 1-7 49 2-40 

3-4 6 29 3 32 16 55 2-70 

3-26 10 84 12 96 2-9 67 2-06 

| Mean =2-1 Mean = 2-2 

vee at 2-1 c.c./min./kg. 
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total fluid withdrawn from the tissue has then been calculated per min. 
of hemorrhage per kg. of body weight for each cat. 

Column C represents the amount of plasma removed by hemorrhage 
in terms of original plasma. The plasma which has been withdrawn has 
been calculated also per min. of withdrawal per kg. of body weight. 

Many facts of interest are disclosed by a study of Figs. 1 and 2 and 
the table. 

During hemorrhage there is a prompt and immediate transfer of 
fluid from the fluid stores throughout the body to the vascular system 
to make good the deficit in blood volume. This transfer of fluid is so 
immediate that if samples are taken of the blood as it is removed from 
the carotid, a steady dilution of the hemoglobin, indicating pouring in 
of tissue fluid is seen. In one case, observations on samples of 10 c.c. of 
blood withdrawn every 2 min. were made: 


Sample p.c. hemoglobin 
1 95 


2 90 
3 86 
4 83 


The theoretical blood volume has been calculated in all cases but in 
none has the actual blood volume obtained corresponded with the 
theoretical. It would appear from the experiments carried out on 
hemorrhages varying from 12 to 37:5 p.c. of total blood volume, that 
so rapidly does this transference of fluid from the reserves of the body 
take place that immediately the hemorrhage had ceased, equilibrium in 
the blood volume had practically been established. Notable exceptions 
were in the cases where the hemorrhage exceeded 30 p.c. of blood 
volume, and in these, the blood volume continued to increase beyond the 
normal level until death took place in about 10 min. Although equilibrium 
in blood volume had been established immediately the hemorrhage had 
ceased, it is noted that the post-hemorrhage blood volume was not quite 
so great as the original blood volume. The difference was, however, small, 
the average blood volume being in the region of 64 ¢.c./kg. or almost 
92 p.c. of the original blood volume. Comparison of the plasma volumes 
before and immediately after the hemorrhages show that the mean post- 
hemorrhage plasma volume had reached 96 p.c. of the original plasma 
volume, 

Turning now to the table it can be seen that the withdrawal of 


plasma by the hemorrhage was at the rate of 2-2c.c./min./kg. of body 
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weight, while the entrance of fluid from the tissues and fluid reserves to 
the vascular system during the hemorrhage was 2-1 c.c./min./kg. It can 
thus be seen how rapidly and perfectly blood volume is adjusted, the 
entrance of fluid from tissues to vascular system being almost parallel 
with the loss of fluid from the vascular system by hemorrhage. The 
return of the blood or plasma volume to normal must depend upon 
adequate fluid reserves in the tissue spaces throughout the body, which 
in turn will depend upon an adequate fluid intake. If these fluid reserves 
are sufficient it has been demonstrated by the above experiments that, 
after blood loss, the return of the blood volume to normal is practically 
immediate. 
EFFECT OF HAMORRHAGE ON BLOOD SUGAR. 


The facts obtained are most conveniently studied by reference to 
Fig. 3. The ordinate represents the blood sugar in mg. p.c. and abscissa 
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the intervals of time between the different observations. The line 0 
marks the end of hemorrhage, and to the left of this line are plotted 
the blood sugars of the various animals before hemorrhage. The 
distance of these points from the line 0 represents the duration of the 
hemorrhage. 
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The normal control shows a very slight rise throughout the experi- 
mental period of 30 mg./100 c.c. 

The curves show that there is an immediate rise in the blood sugar 
concentration following hemorrhage, and that the greater the hemor- 
rhage the greater the rise in blood sugar. The peak of the hyperglycemia 
would appear to be on the average about 5 min. after the hemorrhage 
had ceased, and shortly after equilibrium in blood volume had been 
established. The work of previous investigators has established that the 
sugar comes from the liver, and it was decided to determine by experiment 
if this outpouring of sugar from the liver ceased at a time when it was 
known that the blood volume had ceased increasing. It has been shown 
that as soon as the hemorrhage had ceased, transudation of the fluid 
from the reserve depots throughout the body had also ceased, this 
excursion of fluid taking place almost pari passu with the withdrawal 
of blood by heemorrhage. The peak of the hyperglycemia in the circulating 
blood 5 min. after the blood volume was constant would then be due to 
the lapse of time necessary for equilibrium in the circulating sugar to 

take place if, during a hemorrhage, simultaneous specimens of hepatic 
- vein and heart blood showed that the former had the higher blood . 
sugar. 

A cat was prepared to expose the hepatic vein. Samples of blood were 
taken from the heart and hepatic vein. Twenty-eight p.c. of the original 
blood volume was then removed by bleedings in order to ensure a 
sufficient level of hyperglycemia. Immediately the hemorrhage was 
completed samples of blood were taken again from the heart and the 
hepatic vein. Ten min. later further samples were taken. — 


Heart blood Hepatic vein blood 


‘mg./100 c.c. mg./100 c.c. 
Before hemorrhage 190 : 295 
Immediately after hemorrhage 240 580 
10 min. after hemorrhage 315 310 


It is noted that before the experiment the sugar content of the 
hepatic vein was greater than that of the heart. Immediately the 
hemorrhage is completed it can be seen that the sugar in the hepatic 
vein is also increased and is in greater excess of that in the cardiac blood, 
thus demonstrating that the raised sugar content must, in part at least, 
be due to a pouring out of sugar from the liver. Ten min. after the 
hemorrhage the hepatic vein blood sugar had fallen, and although 
hyperglycemia was still present equilibrium between the levels of sugar 
in the hepatic vein and in the heart had been established. 
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Further study was made to demonstrate the role the liver plays in 
hyperglycwmia and the replacement of fluid from the vascular system. 
After evisceration, the portal vein and hepatic artery and vein were 
clamped and 20 p.c. of the calculated blood volume was removed from 
the animal by bleedings. 
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Blood volume Blood sugar 

0.6. mg./100 c.c. 
Before hemorrhage 266 85 
Immediately after hemorrhage 283 70 


It is noted that a fall in blood sugar takes place, but in addition that 
an adequate transfer of fluid takes place from other sources to make 
good the deficit in blood volume. 

The findings of other investigators have been confirmed in that after 
hemorrhage there results a hyperglycemia. The curve of hyperglycemia 
following hemorrhage of varying percentages has been studied, and it 
would appear that the greater the hemorrhage the greater is the hyper- 
glycemia. The source of the sugar which enters the circulation is 
undoubtedly the liver, and the mechanism by which this occurs has been 
shown by Nishi’s work to be one quite independent of the nervous 
system. This suggests that the mechanism may be a purely physical one. 
It has been shown in earlier parts of this paper that after hemorrhage 
an immediate transfer of fluid takes place from the fluid reserves of the 
body to the vascular system in an endeavour to make good the deficit 
in blood volume caused by the hemorrhage. So rapid is this transfer of 
fluid that by the time the hemorrhage has ceased, equilibrium in blood 
volume has been established. It seems not unreasonable to suppose 
that after a hemorrhage, the liver also takes part in this adjustment of 
blood volume towards normal. If this were the case one would expect 
the blood sugar of the hepatic vein to be very high immediately after 
a hemorrhage and in excess of that of the circulating blood; and further, 
at a time when the transfer of fluid has ceased one would expect the 
blood sugar of the hepatic vein to have fallen and to approach more 
_ nearly that of the circulating blood. This has indeed been found to be 


the case. The second sample, taken immediately after the hemorrhage — 


was finished, was markedly increased above the previous one and above 
the sugar content of the circulating blood taken at the same time. The 
third sample taken 10 min. after the hemorrhage, by which time it is 


known that equilibrium in blood volume has taken place, had a sugar 
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content markedly lower than that of the second sample taken immediately 
after the hemorrhage. Further, the sugar content did not differ markedly 
from that of the circulating blood. It is here seen that the peak of the 
hepatic vein sugar occurred immediately after hemorrhage, then the 
sugar fell rapidly from 580 to 310 mg. p.c. The peak of the heart or 


_ circulating sugar was delayed some 5 min., and this interval is interpreted 


as the time taken for equilibrium in the sugar levels to become established. 
These results suggest that the hyperglycewmia following a hemorrhage 
is due to the transference of sugar from the liver. It is also probable that 
the liver, in common with the other fluid depots of the body, transfers 


_ fluid because the hepatic vein sugar was highest immediately after the 


hemorrhage, at which time equilibrium in blood volume had been 
established. Epstein and Baehr’s work is not supported by these 
results, for it is known that the blood volume does not remain at the 
theoretical level expected after hemorrhage, but is at once made good 

by a transfer of fluid. | 


EFFECT OF HEMORRHAGE ON THE ARTERIAL BLOOD-PRESSURE. 


The facts are most conveniently presented in the form of a curve. 
The curves in Fig. 4 represent the changes which take place in blood- 
pressure. The ordinate represents the blood-pressure in mm. Hg, and 
the abscissa the intervals of time between the different observations. 
The line 0 marks the end of hemorrhage, and to the left of this line are 
plotted the blood-pressures of the various animals before hemorrhage. 
The distance of these points from the line 0 represents duration of 
hemorrhage. The average rate of bleeding was 2 c.c./min./kg. of body 
weight. The curve of the normal control is also plotted, and in this 
control, except for hemorrhage, exactly the same procedure was carried 
out as for the other animals. 

The curves can be conveniently discussed under two headings: 
(1) cases where the hemorrhages exceeded 30 p.c. of blood volume; 
(2) cases where the hemorrhages did not exceed 30 p.c. of blood volume. 
In cases where the hemorrhage exceeded 30 p.c. of blood volume there 
was a marked fall in blood-pressure during hemorrhage. Immediately 
after hemorrhage, little or no rise took place in one, while in the other 
the fall continued, and in both the blood-pressure reached zero with death 
of the animal in about 10 min. 

In cases where hemorrhage did not exceed 30 p.c. of the blood 
volume there was again a fall in pressure during the hemorrhage, the 
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lowest pressure being reached at the time the bleeding ceased. Thereafter 
there was a sharp rise which was maintained to between 5 and 10 min. 
after the cessation of hemorrhage. The equilibrium pressure reached 
after the hsmorrhage was lower than the blood-pressure before bleeding. 


15 10 0 10 15 
Duration of hemorrhage. Mio. Time after hemorrhage. Min. 
Fig. 4. Variations in blood-pressure after various hemorrhages. 


After hemorrhage, it has been found, in common with the obser- 
vations of others, that there is a fall in blood-pressure. Contrary to the 
views expressed by previous investigators, however, there does not appear 
to be any relation between blood-pressures and blood volumes as judged 
by the present experiments. In all cases of hemorrhage, except the 
32 and the 37-5 p.c., the blood-pressure was lowest immediately the 
bleeding was at an end, then it gradually rose, equilibrium being obtained 
in about 10 min., while the blood volume was practically constant at 
92 p.c. of its original volume immediately bleeding had ceased. 


continued to fall after the hemorrhage, until death occurred in about 
10-12 min.; but in these cases the blood volume was rapidly increasing 
and had actually exceeded the original blood volume after 5 min. 

It therefore cannot be confirmed that the immediate fall in blood- 
pressure after hemorrhage is due to lowered blood volume. The work of 


In the cases of 32 and 37-5 p.c. hemorrhage, the blood-pressure — 
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Robertson and Bock on blood-pressure, blood volume and shock, is 
most important. From their findings there can be little doubt that when 
the blood volume is diminished below a certain limit, which they. take 
as 70 p.c. of the original, then the blood-pressure gives a good indication 
of the reduction in blood volume. On the other hand, the blood-pressure 
taken alone does not give a clear indication as to the blood volume after — 
hemorrhage. It has been shown by the above experiments that the 
blood volume may be normal or be increasing as a result of hemorrhage 
while the blood-pressure is falling. 

After a hemorrhage the hemoglobin is a very good index as to 
whether dilution of the blood has taken place with its consequent effect — 
in maintaining the previous level of the blood volume. In the absence 
of this dilution, Robertson and Bock have brought forward evidence 
to show that the blood-pressure gives a good indication of the blood 
volume. In the presence of this dilution the above experiments suggest 
that the blood-pressure gives a good indication not of - blood volume 
but of the blood loss. 


SumMarRY. 


1, Cats were bled at an average rate of 2 c.c./min./kg. body weight 
to varying degrees by the removal of 12, 16-5, 22, 25, 28, 30, 32 and 
37-5 p.c. of their original blood volume, and observations were made 
upon the consequent changes in the blood volume, the blood sugar, and 
the arterial blood-pressure. 

2. During a hemorrhage there is a transfer of fluid from the tissues 

to the vascular system to make good the deficit in blood volume. 
a 3. Immediately the hemorrhage finished, equilibrium in blood 
- volume had practically been established except in the most severe 
_ hemorrhages (32 and 37-5 p.c.), where dilution of the blood continued 
until the animal died in 10 min. 

4, After a hemorrhage there is an increase in the sugar content of 
the blood, and the greater the hemorrhage the more marked is the 
hyperglycemia. 

5. The source of the sugar which enters the blood stream is the liver, 
as hyperglycemia does not take place if the hepatic vessels are ligated. 

6. The sugar content of blood samples obtained simultaneously from 
the hepatic vein and heart immediately hemorrhage has ceased shows 
that the former is greatly in excess of the latter. The peak of the hepatic 
vein sugar occurs immediately hemorrhage has ceased—that of the 
heart some 5 min. later. The delay in the peak of the heart blood sugar 
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is interpreted as the lapse of time necessary for equilibrium in blood 
sugar to be established. 
~~ 9, As the peak in the hepatic vein sugar occurs immediately after 
hemorrhage when the. blood- volume is constant, it is probable that the 
liver, in common with the other fluid depots of the body, transfers fluid 
to the vascular system. 

8, After the hemorrhage, when it exceeded 30p.c. of the blood 
volume, the pressure gradually dropped to reach zero in 10-12 min. 
when the animals died. 

9, When the hemorrhage did not exceed 30 p.c. of the blood volume, 
the blood-pressure rose after the hemorrhage and reached equilibrium at 
a lower level than the original within 10 min. of the termination of the 
bleeding. 

10. There is no correlation between blood-pressure and blood volume 
in these experiments, where, after hemorrhage, an immediate transfer of 
fluid from the tissues to the blood stream has taken place. 

11. These results do not refute the findings of Robertson and 
Bock, who found the blood-pressure a good index of the blood volume 
when dilution of the blood did not occur. 


The author desires to express his thanks to Prof. E. C. Dodds for his encouragement 
and criticism, and to Dr L. R. Noble for his kindness in assisting with the operation 
procedure. Part of the expenses of this work have been met by a grant generously provided 
by Miss K. Fielden. It is also a pleasure to express thanks to Colonel R. H. Elliot for 
his continued | 
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SOME IMMEDIATE EFFECTS OF REDUCED COOLING 
POWERS UPON THE WATER BALANCE AND RE- 
LATED EFFECTS IN THE HUMAN SUBJECT. 


By D. H. K. LEE! ann A. G. MULDER*. 
(From the Department of Physiology, University College, London.) 
(Received March 12, 1935.) 


In conditions of reduced cooling powers, caused by high environmental 


temperatures, the cutaneous water loss is greatly increased ; consequently, 
regulation of body temperature may involve a very great call on the 
water stores of the body. This investigation presents observations on the 
changes in water balance under these conditions. 

In a previous paper [Lee and Mulder, 1935] we have indicated the 
need for extended investigations of the physiological reactions of resting 
human subjects to reduced cooling powers of the order of those occurring 
in severe tropical climates. In that publication we discussed the changes 
occurring in heart rate, body temperature, respiratory functions, and 
acid-base equilibrium. In this paper the cutaneous and urinary water 
loss, changes in serum protein and hemoglobin concentrations, and 
chloride excretion are discussed. The observations detailed here were 
made at the same time and upon the same subjects as those given in our 
previous paper. 

PROCEDURE. 


The details of general experimental procedure were fully set out in 
the former communication. The subjects attended at 9.0 a.m., having 
had no food or drink for 12 hours. They were studied for 6-7 hours on 
one or more of these occasions: (i) lightly clad in a “normal” room, 
1.€. @ room at a normal temperature; (ii) naked in a “hot dry” room, 
D.B. 110° F., w.B. 90° F. (“effective temperature” of 95° F.); (iii) naked 
in a “hot wet” room, D.B. 97° F., w.B. 92° F. (“effective temperature” 
of 93° F.), They were given standard food and water at stated times. 


+ Sharpey Scholar, University College, London, _ 
* Of the Department of Physiology, College of Medicine, University of Tennessee. 
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Before beginning each experiment a full series of samples and observations 
was obtained in a room at normal temperature. 


In series A all three environments were employed, and the following 
observations were made and samples collected hourly from seven subjects: 
weight, urine volume, urine for chloride content, skin washings for 
chloride content, finger blood for serum protein content. (Weight and 
skin chloride estimations were not made in the normal room.) 

In series B only the hot dry environment was used and the following 
observations were made and samples collected at different intervals: 
finger blood for hemoglobin and serum protein content, and weight. 


METHODS AND RESULTS. 


Urinary volume. The subject emptied his bladder as required into a 
graduated cylinder. Figs. 1 A-C show the urinary output in c.c./hour 
of individual subjects in the three environments. The initial volumes (i.e. 
the volumes for a 1-hour period before entering the hot room) in the hot 
experiments are lower than those in the normal ones, possibly owing to 
the warmer weather prevailing at the time of the former. In the normal 
room the excretion quickly falls to a “basal” level of 15-30 c.c./hour. 
This level is unaffected by the standard meal taken during the experiment. 
The drinking of 1 litre of water at body temperature is followed by a 
pronounced diuresis, the maximum of which probably occurs during the 
second subsequent hour. 

In the hot rooms the “basal” level is definitely lower. This is of the 
same order (8-15 c.c./hour) in both dry and humid environments. The 
consumption of 1 litre of water is followed by no definite alteration in 
urinary output in the hot dry room, and by only a very slight rise in the 
hot wet room. 

Cutaneous water loss. The subject determined his body weight as 
required on a platform scale which indicated half-ounces. The loss of 
body weight in our experiments occurs through five channels: urine, 
respiratory evaporation, respiratory gas exchange, cutaneous gas ex- 
change and cutaneous water loss. Of these the first is known, the second 
does not exceed 12 g./hour, and the third and fourth are negligible in 
weight. The cutaneous water loss can therefore be calculated, approxi- — 
mately, from the total weight loss, by correcting for urinary output and 
alimentary ingestion. Figs. 2A and B show the sweat loss in ounces/hour 
of subjects in series A, measured hourly. Figs. 3A-C set out the sweat 
loss in ounces/hour of subjects in series B, measured over shorter intervals. 


- AS = 
£ 4 
ir 47 
> 
if 
A 
om 
: 
An 
: 
u 
7 
j 
“a 
> 
4 
4 


D. H. K. LEE AND A. G. MULDER. 


Hours of exposure Hours of exposure 


Fig. 1B. Fig. 1. 


Fig. 1. Rate of urine excretion, A, normal temperature; B, hot dry; C, hot wet. © 


(See explanation at foot of p. 413.) 
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There is marked variation of the amount of sweat loss over different 
periods. This is equally true of long and short periods. From amongst 
these variations it is difficult to pick out regularly occurring trends, but 
the following appear fairly definite: 

(i) a low initial rate upon first entering the hot room, 

(ii) @ burst of = immediately following the taking of water. 
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Fig. 2. Rate of sweating. A, hot dry; B, hot wet. 


The latter was very noticeable qualitatively also in subjects in whom 
short-period weighings were not made. 

The total cutaneous water loss occurring in the hot wet room is only 
about one-half of that occurring in the hot dry room. 


In Figs. 1, 2, 4, 6, 7 and 8 individual results are indicated unless otherwise stated. 
The one individual is indicated throughout by the same type of line; the number of the 
subject is given in every case. Subject 7 partook of food and water in the hot dry 
room relatively sooner than the remainder; these times are indicated by arrows on curves 
No. 7. The times for the remaining subjects are given at the foot of the graphs. 

The atmospheric conditions are: 

Hot dry: p.B, 110° F.; w.s. 90° F.; n.H. 44 p.c.; air movement, 100 ft. per min.; 
effective temp. 95° F. 

Hot wet: p.B. 97° F.; 92° F.; 100 ft. per min.; 
effective temp. 93° F. 

Normal: 61-66° F.; 56-63° F.; n.H. 90 p.c.; air movement, 30 ft. 
effective temp, 58-64° F. 


| 
A a 
~ 
SH 
; 
4 
20 
18 
A. 
a 
4 
33 
> 
‘ge 
bs 
q 
2 
ha a 
a 
fi 
4 
> 
4 
4 
G 
A 
tes 
4 
a 
a 
q 
4 
> 
a 
| 
4 


414 D, H. K, LEE AND A. G. MULDER. 


Serum protein content. Finger blood was collected directly, without 
squeezing, into a narrow glass tube which was immediately plugged at 
both ends with “plasticine”. The tubes were later centrifuged and the 


(10 


water water 


; 
| 3 
water 
Fig. 3B. 
: 
bd 
water 
Hours of exposure 
Fig. 3C. 


Fig. 3. Rate of capa A, hot dry (subject 8, May); B, hot dry (subject 8, October); 
: C, hot dry (subject 9, October). —~ — 


refractive index of the serum determined with an Abbé refractometer. 
The data given by Neuhausen and Rioch [1923] were used in calcu- 
lating the serum protein percentage. Figs. 4A and B show the individual 
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Fig. 4. A, serum refractive index, hot dry; B, serum refractive index, hot wet; C, snatiar 
diagram of individual percentages of serum protein in three environments, reduced — 
to common initial percentage of 7-0, average H.D. hot 
H.W. hot wet; C, normal temperature. 
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refractive indices of serum obtained from finger blood of subjects in 
series A in the two hot environments. Fig. 4C is a scatter diagram of 
the corresponding percentages of protein reduced to a common initial 
value of 7 p.c. In this last figure are included smoothed average curves 
for the three environments, These results demonstrate a marked pro- 
gressive rise in the refractive indices of serum in the hot rooms, which is 
greater in the dry environment. In some of the individual curves a 
tendency to inflection occurs with the taking of food, such as was seen 
in the pulse rate of the same subjects [Lee and Mulder, 1935]. Over the 
final period, following the intake of water, some curves remain level, and 
then drop. The drop is slightly more frequent in the humid environment. 
The maximum “concentration” in the hot wet room is only a little more 
_ than half that in the hot dry room. 

Fig. 5A gives the refractive indices of serum from frequently repeated 
samples of finger blood from subject 8, during a subsidiary experiment 
in the hot dry room, during the month of May. Food and water intakes 
are indicated upon the graph. In this experiment there is a preliminary 
dilution of serum proteins, which recovers to a normal level by the end 
of the first hour. Later in the day there is a concentration. The taking 
of 750 c.c. water at 12.40 p.m. is not followed by an alteration in the 
protein concentration ; the consumption of a similar amount at 3.20 p.m. 
is followed by some irregularity in the values. 

The broken lines in Fig. 5B indicate the serum protein contents of 
subjects 8 and 9 in series B, measured at different intervals after entering 
the hot dry room. These two experiments were done in October after a 
relatively hot summer, In this figure the values are referred (in the 
manner of the corresponding hemoglobin values) to the initial (control) 
value considered as 100. During the first 2 hours in subject 8 there is 
evidence of minor waves of dilution, but no continuous dilution as in the 
previous case. In subject 9 there is no evidence of dilution of serum 
proteins, Five and a half hours after entry both subjects exhibit the 
same degree of concentration. This undergoes a progressive but slight 
decline after the taking of 1000 c.c. water. 

Hemoglobin content of blood. A slight modification of the Stadie-Wu 
_ cyanhemoglobin method [Peters and van Slyke, 1932] was employed 
in which 0-2 ¢.c. of finger blood was used. A control series of six samples 
taken at 10-min. intervals showed an outside variation of 0-8 p.c. The 
relatively strong ammonia (4 p.c.) solution used macerated any smaii 
clots which readily formed during the process of sampling in the hot 
rooms. The first bloods in each experiment, taken in the control room, 
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Fig. 5. A, variations in protein content of serum (in terms of initial content = 100), subject 8 
(May), hot dry. B, variations in protein content of serum and hemoglobin content 
of blood (in terms of initial content = 100), subjects 8 and 9 (October), hot dry. 


27—2 


¢ 
H 
114 
4 
112) 
JU 
Je 
Z 
¥ 
‘ 
9 
90 
750 c.c. water, 750 c.c. water 
H f exposure 4 
ours 0 
ig. 5A 
° 
116 
114 8 
7 
: 
9 
g 
6 
y 
¥ 
4 
\ 


418 D. H. K. LEE AND 4, G. MULDER. 


were always taken in duplicate and the mixed fluids used as the standard 
of reference in the colorimeter for that experiment. Absolute values 
were not determined. The continuous lines in Fig. 5B indicate the 
hemoglobin contents, relative to the corresponding initial values con- 
sidered as 100, of finger blood taken at different times after entry into 
the hot dry room from subjects 8 and 9 in series B. In both cases there 
is a definite fall in hemoglobin concentration very soon after entry. 
This is more marked in subject 8. This fall is followed by fluctuations in 
the level, which appear to become less during the second hour. Five and 
a half hours after entry the concentrations have again risen by approxi- 
mately the same amount in each subject, as compared with the level 
at the end of the second hour. These levels, however, still reflect the 
extent of the initial fall, so that while in subject 9 the hemoglobin now 
shows a 6 p.c. concentration over the initial (control) value, in subject 8 
it has not quite returned to the initial value. The consumption of 1 litre 
of water is apparently not followed by any significant change in the 
hemoglobin level. (The temporary failure of the heating arrangements 
unhappily prevented the taking of further samples from subject 8.) 

Urinary chloride concentrations. These were determined by the 
modified Volhard-Harvey method described by Peters and van 
Slyke [1932]. Figs. 6 A—-C show the individual concentrations in the three 
environments. In order to prepare an “average” curve for a given 
environment it is necessary to reduce the curves for different subjects 
to a common average concentration. This is done by os each 
— value by the factor: 

Average concentration for subject 
Average concentration for all subjects” _ 
The corrected individual values can then be plotted as a scatter diagram 
and a smoothed “average” curve sketched in. Such comparative average 
curves for the three environments are given in Fig. 6D. 

In the normal room the concentration remains constant until the 
third hour, after which it shows two falls: (i) a moderate fall after the 
intake of food, (ii) a marked fall after the consumption of 1 litre of 
water. In the hot rooms a steadily progressive fall in concentration 
commences during the second hour, which is unaffected by food or water 
intake. There is no essential difference, in this respect, between the dry 
and humid environments. 

Rate of urinary chloride excretion. In Figs. 7 A-C are indicated the 
indivateal values in g./hour, while in Fig. 7D are given smoothed 

“average” curves for the three environments, prepared in the way 
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Fig. 6. Concentration of urinary chloride. A, normal temperature; B, hot dry; C, hot wet; 
D, scatter diagram of “corrected” (vide text) individual chloride concentrations in 
three environments, with sketched average curves. H.D. sha H.W. hot wet; 
C, normal temperature. 
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Fig. 7. 


Fig. 7. Output of urinary chloride. A, normal temperature; B, hot dry; C, hot wet; 
D, scatter diagram of “corrected” (vide text) individual rates of chloride excretion 
in three environments, with sketched average curves. H.D. bd al hot wet; 
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described above. These graphs must be interpreted by comparison with 
those for urinary volume (Figs. 1 A~C) and urinary chloride concentration 
(Figs. 6A—D). In the normal room there is an early fall of volume with 
constant concentration; when the former reaches a steady level, the 
latter begins to fall, so that a hyperbolic fall of chloride excretion results. 
With the onset of a water diuresis the volume rises markedly. The 
_ concentration falls, but at first not in proportion to the volume increase, 
so that a rise of total output occurs. This relationship is soon reversed 
and the chloride output falls, at a time when the volume is still high 
Wright, 1934]. 
____ In the hot rooms, urine volumes quickly fall to a steady level while 
the concentration undergoes a gradual steady reduction, so that a low 
level of chloride excretion is soon reached which falls even lower as time 
progresses. The intake of water does not affect the output at all in the hot 
dry room and is followed by only a slight rise in the hot wet room. 
Cutaneous chloride excretion. The method described by Hancock et al. 
_ [1930] was employed. The subject washed himself down each hour by 
means of a cloth and about 300 c.c. of distilled water, whilst standing on a 
tray. The contents of the tray were washed into a flask and the rinsing 
water used by the subject added. In between the acts of washing the 
subject remained seated upon a stool which stood upon the tray and was 
covered by a rubber sheet which hung down towards the tray. At the 
end of each period, after washing himself down, the subject washed the 
sheeting and stool legs (which were waxed) into the tray also. In this 
way an attempt was made to remove and collect all the chloride excreted 
by the skin in the preceding period. The total volume of washings was 
measured and filtered. A mixed sample was reserved for analysis by the 
same method as that employed for urinary chlorides. 

In the hot wet room experiments, immediately after the usual 
washing of the last period of the day, a second washing was made to 
check the adequacy of the previous washings. In some of these experi- 
ments the washing process was supplemented by the observer's blowing 
a stream of distilled water from a bottle over the subject’s body. This 
apparently did not increase the efficiency of the procedure (see Table I). 


Taste I, Results of check washings for recovery of cutaneous chloride excretion. 


Subject No. (hot wet room) 2 3° 4* 6* Average 
G. chloride in last full wash (A) 0-243 0-478 0-405 0-881 —_ 
G. chloride in check wash (B) 0-067 0-148 0-106 0-308 _ 
Ratio B/A © 0-276 0-309 0-262 0-349 0-299 
* These subjects were washed down throughopt with a wash bottle as well as with 
the cloth. 
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— hot wet room is about one-half of that in the hot dry room. 
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Figs. 8A and B indicate the individual rates of cutaneous chloride 
excretion as given by this technique. That removal at each washing was 
not complete i is indicated by the results of the check washings (Table I). 
A priori, one might imagine that a like amount of chloride would be left 
behind at each washing. Individual rates obtained by applying to the 
data a correction designed to cover this point are shown in the curves 
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_ Fig. 8. Rate of chloride secretion in sweat. A, hot dry (actual recovery); B, hot wet (actual 


recovery); C, hot dry (assuming constant fraction remaining at each washing); D, hot 
wet (assuming constant fraction remaining at each washing); E, hot dry (assuming 
constant amount remaining at each washing); F, hot wet (assuming constant amount 
remaining at each washing). 


of Figs. 8E and F. On the other hand, the results of check washings 
(Table I) suggest that the amount of residual chloride left at a washing 
is proportional to the amount of chloride present. Rates obtained by 
correcting the data for this possibility, assuming a removal factor of 0-7, 


yield the curves shown in Figs. 8C and D. 
In all sets of curves a definite rise in the rate of chloride excretion 
is seen as the duration of exposure increases. The rate of excretion in the 
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Discussion. 


Water balance. (a) Urinary excretion. It is well known that when 
the intake of water in normal environments is stopped, the urinary 
excretion falls to a “basal” level. What determines this basal level is 
open to some question. It is fairly widely held that the solids requiring 
excretion by the kidney determine the minimum quantity of water 
passed out by that organ [Adolph, 1933]. If this were universally true, 
the lower “basal” level in the hot rooms as compared with the normal 
room would argue that the amount of solids requiring excretion in the 
hot room is less. A priori, this is unlikely to be true except in the case 
_of chlorides; in fact Talbott et al. [1933] have put forward evidence of 
an increased excretion. That chlorides do not play any large part in 
determining this basal level is shown by the fact that although in the 
hot room the chloride concentration in the urine continues to fall, the 
urine volume, after the first 2 hours, maintains a steady level. A similar 
condition occurs in the normal room after the standard meal. It seems 
more likely, therefore, that the lowered “basal” level in the hot room 
indicates a departure in these environments from the claimed deter- 
mination of minimum urinary volume by solids. That this departure does 
not take place linearly with the dehydrating effect of the environment 
is indicated by the similarity of the “basal” level in both dry and humid 
rooms. That maintenance of bodily hydration should in these circum- 
stances take a limited precedence over other physiological mechanisms to 
which it is usually subservient is not a new idea [cf. Hancock e¢ al. 1930]. | 
The successive reactions of kidney excretion to progressive dehydration 
would appear to be somewhat as follows: 

(1) Bodily hydration demands are met more or less completely by 
reduction of urine volume with increase in concentration and maintenance 
of total solid excretion. 

(2) When the concentration maximum is reached [Adolph, 1923] 
the hydration demands are given further concession by reduction of urine 
volume and total solid excretion. The latitude thus allowable is limited. 

_ (3) When this limit is reached no further concessions to hydration 
can be made by the kidney, Even a fall of the amount of chlorides for 
excretion cannot produce a further lowering of urinary vince The 
volume and total solid excretion remain constant. | 

In the normal room our subjects may be imagined to be on the 
border-line of the first and second states, in the hot wet room to be 
verging upon, and in the hot dry room to be completely in, the third 
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state. The intake of 1 litre of water tends to restore subjects in the wet 
room but not in the dry room to the second state. 

The water consumed during sweating does not result in our subjects in 
any polyuria, even when, as in the hot wet room, it is equivalent to the 
amount of fluid lost in evaporation. On two occasions the urine output was 
observed after the subject left the hot room and, in spite of copious drink- 
ing, no polyuria resulted. These observations would appear at first sight 
not to be in accordance with those of other workers [Marschak and 
Klaus, 1929], but the degree of bodily chloride deficiency in our subjects 
(not more than 7-5 g.) was probably insufficient to affect water retention. 

(6) Sweat production. The gradual onset and the irregularity of the 
sweating are in accordance with Kuno’s observations [1934] for a 
moderately hot environment. We found ourselves strikingly in agreement 
with Kuno’s [1934] observations that heat sweat, as distinct from 
emotional sweat, does not occur on the palms and soles, and that it is 


é _ limited in amount inthe axilla. At a time when the body was running 


with sweat, the palms and soles would be no more damp than normally. 
We found, however, that. the influence of psychic factors upon general 
sweating in these environments was more marked than K uno’s findings 
would suggest. Thus it was a frequent observation that a trifling technical 
annoyance, such as the clotting of blood in a pipette, would evoke a most 
profuse perspiration from the forehead and dorsal aspects of the hands 
of the operator. A propos of this, those with experience of operative work 
in tropical countries will recall the profuse and annoying perspiration 
which is wont to bathe the surgeon’s brow. The variability of sweat 
production and the exaggerated influence of psychic factors make 
quantitative analysis of the effect of any given stimulus upon sweating 
somewhat difficult of determination. 

The burst of sweating, which is often profuse, following the con- 
sumption of water is of interest and deserves wider study. We made the 
following qualitative observations: (i) It is necessary for the water to 
be swallowed; washing out of the mouth with an equivalent quantity — 
is without effect. (ii) Saline (0-9 p.c.) appears to be as efficient as water 
in producing the effect. (iii) The onset of sweating is very rapid—within 
3 min. of the water intake. (iv) Unless there is an undetected rapid 
wave of dilution and recovery within the first 5 min., the effect occurs 
before there is any noticeable dilution of the circulating blood (cf. Fig. 3 
with Figs.-5 and 6). (v) The degree of response appears to bear some 
relationship to the amount.of water ingested. (vi) Food taken simul- 
taneously with the water appears to delay and diminish the response. 
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Quantitative investigations were not possible at the time of making 
these observations. The reaction is somewhat too slow to be.a purely 
reflex activity, yet too fast to be referred to an absorption of fluid into 
the circulating blood, which in turn might affect the sweat glands. 
Without quantitative measurements it would be rash to do more than 
speculate whether or not the action is due to a reflex set up by the rapid 
re-hydration of some alimentary or paralimentary tissue. 

It will be noted (Figs. 2 and 8) that the cutaneous water and chloride 
losses are much greater in the hot dry than in the hot wet experiments. 
It is true that the hot wet and hot dry environments differ slightly in 
“effective temperature” (95 and 93° F. respectively). This difference 
cannot, at this high temperature, be completely disregarded. In spite of 
this difference, however, the pulse rate and body temperature reactions 
are comparable [Lee and Mulder, 1935]. The behaviour of the serum 
protein concentration (Fig. 4C) shows a similar but smaller difference 
between the two environments. The water balance thus fails to conform 
to the “effective temperature” scheme of Houghten and Yagloglou 
[1924]; this is indicated in a later paper by Houghten, Teague, 
Miller and Y ant [1931]. 

The explanation is probably quite simple. In the hot dry atmosphere 
(p.B. 110° F.) the body has to rid itself by the sole means of evaporation, 
not only of its own excess heat production, but also of heat received by 
radiation and conduction from its surroundings. This requires a much 
greater evaporation than in the hot wet room (p.B. 97° F.) in which the 
body receives very little heat from its surroundings, but can still utilize 
evaporation only as a method of heat loss. Although double the évapora- 
tion is required in the hot.dry room, the ease of evaporation is corre- 
spondingly greater, so that the same thermal response of the body results 
and the “effective temperature” scheme applies to functions un- 
connected with hydration. (In time, of course, progressive dehydration 
would involve all bodily functions with the breakdown of equilibrium 
between the body and its environment.) 

(c) Changes in circulating blood. Considerable investigation of the 

_ alterations occurring in hot environments in the circulating blood has 
been carried out by different workers [for a summary see Bazett, 1927 
and Adolph, 1933]. Barbour and his co-workers (vide amongst 
others, Barbour and Tolstoi [1924] and Barbour and Gilman 
[1934]) have paid particular attention to the exchange of water between 
blood and tissues in various kinds of hyperthermia. The problem has been 

complicated by the free use of the undesirable term “blood concentra- 
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tion”, and by the fact that earlier workers were unaware of the potential 
activity of the spleen in altering the proportions of circulating erythro- 


. cytes [Barcroft, 1925]. The use of the term “blood concentration” 


involves the selection of some blood constituent whereby to measure the 
“concentration”, or the measurement of total circulatory volume after 
correction for fluid exchanges between it and the tissues. The selection 
of a blood constituent as a standard of reference is difficult. Hemoglobin, 
which was used by the earlier workers [Cohn, 1919; Eckert, 1920], is 
not permissible in view of the potential spleen activities. Osmotic 
pressure, or electrolyte content, undergoes rapid adjustments with 
alterations in fluid content of the blood [Gross and Kestner, 1919]. 
Serum proteins seem to afford the least objectionable index, but, here 
again, the possibility of protein-containing fluid being shifted from depots 
into the circulation cannot be excluded without proof. The use of 
percentage of total solids or specific gravity as the criterion seems to 
involve most of the objections applicable to their individual determinants. 
On the other hand, the accuracy of the technical methods for the 


determination of circulatory volume is admittedly open to question, 


and the magnitude of the many fluid exchanges between blood and 
tissues cannot be determined upon man. 

It would seem better, therefore, to discard the term “blood con- 
centration” and to state precisely the alterations observed in the 
concentration of a particular constituent under given conditions. Should 
a measure be required of the degree of water lost from a unit volume of 
blood, over a given period, the percentage of serum proteins would 
appear to be the best, but. the possibility of the action of other factors 
upon this figure should be remembered. 

The problem appears to have suffered also from the more usual 
practice of ing one set of observations in a control environment and 
comparing with these a second set of observations in the experimental 
environment. More exact information is obtainable by making frequent 
observations throughout the period of the experiment. In this way 
apparently conflicting observations may prove to be due to successive 


oo phases in a physiological reaction. 


The following ate the facts that have been observed with regard to 
changes in circulating blood as a result of heat. The exact combination 
of those which will result in a given instance will depend upon the exact 
conditions of both environment and individual: 

(1) Circulating blood volume increases. This is apparent at least by 
the end of the first day in a moderately hot room [Barcroft et al. 1923]. 
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(2) Hemoglobin percentage decreases in moderate heating [Barbour 
and Tolstoi, 1924; Cohn, 1919; Eckert, 1920]. In more severe heating 
an early decrease may be replaced by a later increase in concentration 


(authors), In very severe heating the initial drop may apparently be 


absent [Eckert, 1920; Barbour and Tolstoi, 1924]. 


(3) Serum protein percentage may show similar variations in con-— 


centration (vide same workers) but the level shows much less tendency 
to fall and is frequently raised when hemoglobin is still lowered [authors ; 
Cohn, 1919; Eckert, 1920}. 

(4) The electrolyte content of serum tends to remain stable [Gross 
and Kestner, 1919]. 

It is a matter of some difficulty to deduce from these findings the 
exact behaviour of the different items entering into the fluid balance of 
the circulating blood. There seems to be good evidence for the occurrence 
of an initial entry of fluid into the blood in all cases except that of severe 
heating. If this can be assumed to be protein-free, then the differential 
effect on serum protein and hemoglobin levels must indicate a specific 
removal of erythrocytes from the circulation. If, on the other hand, 
the addition of protein-containing fluid be admitted, the position is more 
complex. Adequate analysis of the fluid exchanges under standardized 
- conditions awaits accomplishment. The apparent absence of dilution of 
any blood constituent when heating is severe may be due to the very 
rapid cutaneous water loss in those conditions. 

The tendency to inflection upon food consumption observable in some 
serum protein curves in the hot dry room would indicate the removal 
of some fluid source from participation in sweat loss replacement; this 
possibly is the alimentary tissues. 

(d) Distribution of dehydration. As was stated above, the percentage 
of proteins in serum affords the least objectionable index to the loss of 
water from the circulating blood. As such it will be used here, but the 
limitations must be borne in mind. Table II sets out for each subject in 
each of the two hot environments the following data, considered just 
‘before the consumption of 1 litre of water: (i) net water loss from the 
body in ounces; (ii) the average percentage concentration to be expected 
in body fluids, if it is assumed that 65 p.c. of the body weight is water; 
(iii) the actual percentage concentration of serum proteins observed; 
(iv) the ratio of observed serum protein concentration to the calculated 
average concentration of body fluids. 

It is clear that blood serum, amongst other fluids, suffers a much 
greater water loss than would result did all body fluids (intra- as well as 
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Tastz II. Total water loss and serum protein concentration. 


A A 


Calc. Obs.conc. 
av. serum 


conc, proteins Ratio 

p.c.(c) p.c.(o) 
2-0 5-8 2:9 
2:7 5-4 2-0 
2-2 8-5 3 


conc. proteins Ratio 

p.c. (¢) (0) ole 
3-6 11-2 31 
31 


Ritts 


an 

w 


8 
*8 (b) 
*9 (=3b) 


«J 


bo 
& 


Ay. dev. 0-15 1-99 
Av.dev.p.c. 19:3 15-1 20-8 19-7 6-8 25-9 


© In Octobe, without washing. Water administered during experiment. 


5°9 

31 
2-22 7-66 3°56 
1-07 

30-0 


extracellular) share proportionately in the dehydration. On general 
grounds it is likely that cells will give up less water than intercellular 
fluids {vide Dill et al. 1933] and that vital tissues such as heart and brain 
will suffer less than more dispensable tissues such as muscle and sub- 
cutaneous tissue. The liver and spleen are known to engage in water 
mobilization in times of threatened dehydration. The alimentary canal 
probably affords a further source of fluid. The disproportion of the burden 
borne by the serum appears to be less in the hot dry room than in the 
hot wet room. This would suggest that other body fluids, in the former 
case, are being pressed into the supply of water with a consequent saving 


to the circulating blood. This integration of defence mechanisms against 


progressive environmental stress is a familiar one in the body. The range 
of individual variation in water loss per kilo of body weight on the one 
hand and in serum protein concentration on the other is of some interest. 
The corresponding deviations suggest that when dehydration is mild, 
the quantity of water lost is relatively fixed, but the source shows 


- marked individual variation: when dehydration is severe, the variations 


in source are damped down and total capacity to respond shows wider 
variations. The development of the latter condition indicates that a 
severe strain is being placed on the ability of the body to maintain an 
equilibrium with its environment. These figures need checking on a large 
series of individuals. They apply, moreover, only to exposure periods of 
about 6 hours. 
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Chloride balance. As discussed under the heading of “Methods and 
results” above, the figures obtained for cutaneous chloride excretion 
(calculated as NaCl) suggest, but do not prove, that the excretion of 
chloride increases in rate as the experiment progresses. This would be 
in accordance with the findings of Hancock et al. [1930] and Adolph 
[1923 6] for heat sweat and Viale [1913] for work sweat. 

The average concentrations of (sodium) chloride in sweat in our 
experiments (if we assume a recovery factor of 0-70 at each washing) are: 
Hot dry room, 0-248 g./100 c.c.; Hot wet room, 0-210 g./100 c.c. These 
figures are lower than those obtained by most workers except Hunt 
[1912], Viale [1913] and Hancock et al. [1930]. 

The total amount of (sodium) chloride lost from the skin by our sub- 


jects lies in the following ranges: Hot dry room 1-94—7-41 g.; Hot wet 


room 0-92-3-07 g. Although a loss of 7 g. would represent an average 
fall of 16 mg./100 c.c. of body fluids, these fluids have, in our subjects, 
lost concurrently 4-13 p.c. of water, so that a concentration of chloride 
must have occurred. With the taking of a litre of water, the fluids would 
still be dehydrated to the extent of 2-7 p.c. It is probably for this reason 
that no polyuria resulted from the intake of water and no symptoms of 
heat cramp developed in our hot dry room experiments. In the hot wet 
room the rehydration following upon the consumption of | litre of water 
was almost complete, but the chloride loss was much smaller. 

The reduction of chloride concentration in the urine probably re- 
presents the operation of a chloride-saving mechanism, but, under the 
conditions obtaining, the low urinary volumes do not permit an absolute 
advantage of any magnitude to be developed thereby. 


SUMMARY AND CONCLUSIONS. 


Human male subjects who had refreined from taking food or water 
for 12 hours were kept at rest ducing a period of some 6} hours on each 
of three occasions in a rcom with different atmospheric conditions: 
(i) normal indoor condition; (ii) p.B. 110° F., w.s. 90° F., effective 
temperature 95° F.; (iii) p.B. 97° F., w.B. 92° F., effective temperature 
93° F. A standard meal and a standard amount of water were ad- 
ministered at stated times. Observations were made upon certain 
cutaneous and urinary factors in the water balance of the subjects. The 
data obtained are given and their significance discussed. The following 
conclusions are submitted: 

1. In subjects who have refrained from fluid intake for 12 hours, a 
“basal level” of urinary volume of 15-30 c.c./hour is reached during 
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- | the ensuing 3 hours in a normal environment. In a hot environment 
> this “basal level” is lowered to 8-15 c.c./hour. The greater dehydrating 
» effect of the dry environment is not reflected in this reduction. This is 


taken to illustrate the limitation of the concessions allowable to hydration 


~ functions at the expense of excretory functions. 


2. The amount of sweat excreted is of a fluctuating character. It is 
possible to differentiate two fairly constant variations: (i) a low initial 
rate; (ii) & burst of sweating after water consumption. Psychic factors 


_ exert a strong influence upon sweating. 


3. There is a definite burst of sweating, often profuse in amount, 


_~ when water is swallowed. This appears to be partly reflex, partly ab- 
 gorptive, in origin. 


4. The total amount of sweat lost bears a marked relationship to 


_ the humidity of different environments of fairly equivalent “effective 


temperature’. Reactions depending upon hydration should not, there- 
fore, be expected to agree with the “effective temperature” scheme for 
measuring environmental cooling powers. 

5. The movements of water into and out of the blood in hot environ- 
ments present a complex picture. Upon the basis of present knowledge 
an exact representation cannot be given. Amongst the immediate effects 
of heating must be considered the entry of fluid, with or without contained 


" protein, and the specific removal of erythrocytes from it. The least 


objectionable index of changes in water content of the blood seems to be 
the percentage of serum proteins. The later effect of heating (1.c. after 
2 hours) is undéubtedly to produce a true loss of water from the blood, 
but the exact proportion is uncertain (5-14 p.c.). 

6. The difference in dehydrating power of the dry and humid 
environments is reflected in the maximum change in serum-protein 


"percentage, which in the hot wet room is little more than half (7-7 p.c.) 


that in the hot dry room (11-3 p.c.). 
7. The blood serum amongst other body fluids bears a dispro- 


| portionate amount of the total dehydration (t.e. after 6 hours’ exposure). 


This disproportion is — in the hot wet than in the hot dry en- 
vironment. 


8. There is some ices of the observation that the cutaneous 


chloride excretion increases with length of exposure, at least during 


the first 4 hours. The average concentration in the sweat is low (0-20- 


0-25 p.c.). 


9. Under the conditions of these experiments there is no inability 


on the part of the body to retain a litre of administered water. 


PH. LXXXIV. 
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| THE RELATION BETWEEN METABOLIC PROCESSES 


AND THE VENTRICULAR ELECTROGRAM. 
By ALISON 8S. DALE (Beit Memorial Research Fellow). 
(From the Department of Pharmacology, University of Edinburgh.) 

(Received April 8, 1935.) 


INTRODUCTION. | 


Many attempts have been made in the past to correlate the different 
phases of the electrocardiogram with other events in the cardiac cycle, 
e.g. the contraction process, production of lactic acid, etc. (for references 


_ see Schiitz [1932]). Since the discovery that lactic acid production in 


both cardiac and skeletal muscle is abolished by poisoning with iodo- 
acetic acid it has been possible to determine whether there is a corre- 
lation between any phase of the electrocardiogram and the formation 
of lactic acid. Several papers have appeared recently describing the 


action of iodoacetic acid on the electrocardiogram of the frog and the 


mammal [Siegel and Unna, 1931; Rothberger and Goldenberg, 
1931; de Boer and Spanhoff, 1933], but all the observations have 
been made on the whole heart in situ which, under the influence of iodo- 


a _ acetic acid, gradually dies as a result of insufficient oxygen supply. It 


seemed desirable to determine the effect of iodoacetic acid on the electro- 


cardiogram under more rigidly controlled conditions. In the first section 


of the present paper experiments are described in which the electrical 
response was studied in the frog’s ventricle poisoned with iodoacetic 
acid and supplied with oxygen. Under these conditions the ventricle 
derives its energy from non-carbohydrate metabolism, and for comparison 
with the results so obtained a second series of experiments was carried 
out in which the effect on the electrical response was observed of 


4 a restricting the metabolism to carbohydrate only, by asphyxiating the 


ventricle during perfusion with a large volume of alkaline Ringer’s fluid. 
In the second section of the paper, experiments are described in which 
observations were made of the effect on the electrical response of 
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asphyxiating the ventricle after it had been poisoned with iodoacetic 
acid. It was found that under these conditions the duration of the 
electrical. response is much reduced, and further experiments were 
carried out in an attempt to correlate this reduction with changes in 
some process of metabolism. 


EXPERIMENTAL METHODS. 


All the experiments were made on the isolated ventricle of the 
Hungarian R, esculenta. Three methods were used: 


(1) The simple isolated ventricle preparation. A cannula was passed 


into the ventricle through the a.-v. orifice and tied in position by a thread 
passing round the a.-v. groove. The cannula held 10c.c. of perfusion 
fluid which was constantly stirred and aerated by a stream of air bubbles. 
The ventricle was stimulated directly through electrodes placed on its 
surface, the stimuli being break shocks and the rate of stimulation 
about 15 per min. The contractions were recorded by means of a light 
spring lever connected by a thread to the apex of the ventricle, the 
movements of the lever being recorded optically together with the 
electrical response. The latter was led off to a string galvanometer by 
non-polarizable electrodes which consisted of pieces of worsted soaked 
in Ringer’s solution and bound to silver wires which had been coated 
with silver chloride. One electrode was placed on the surface of the 
véntricle and the other on the bulbus aorte above the ligature which 
bound the ventricle to the cannula. The bulbus being quiescent the 


electrical response obtained was that of the ventricle only. The time 


record was given by a clock marking } sec. 


(2) The second method was devised for those experiments in which ~ 
the ventricle was to be completely asphyxiated, and it was therefore — 


necessary to exclude oxygen both from the perfusion fluid and from the 
atmosphere surrounding the ventricle. The apparatus is shown in Fig. 1. 
The ventricle was attached to the cannula described in method 1, and 
this cannula fitted into the top of a glass chamber which had openings 
in its walls to admit stimulating electrodes and galvanometer leads. 
These were fixed in-position and the openings sealed by plugs of plasticine. 
The top of the cannula was closed by a rubber stopper bored with two 
holes through which glass tubes passed. Through one of these, drawn 
out to a fine jet, the perfusion fluid was bubbled with air or hydrogen 
as desired. The gas escaped through the second tube and was led through 
Tubber tubing to a side tube in the wall of the chamber. The same stream 
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of gas therefore served to bubble the perfusion fluid and fill the chamber, 
and finally escaped through the small orifice at the bottom of the 
chamber which admitted the thread attaching the lever to the ventricular 
apex. A third hole in the rubber stopper, closed during observations by 


es glass rod, admitted a pipette when it was desired to change the 
perfusion fluid during an experiment. Asphyxia was produced by passing 


Fig. 1. Apparatus for recording electrical response of frog’s ventricle during complete 
asphyxia, (a) ventricle, (b) cannula, (c) rubber bung closing cannula, (d) glass chamber 
surrounding ventricle, (e) tube carrying air or hydrogen to perfusion fluid in cannula, 
(f) tube carrying air or hydrogen from cannula to chamber surrounding the ventricle, 
(9) glass rod closing opening in bung through which perfusion fluid can be changed, 
(A) stimulating electrodes, (i) galvanometer leads, (j) thread to lever. 


hydrogen through the apparatus. The hydrogen was generated in a 


_ Kipp’s apparatus and passed, on its way to the cannula, through a wash- 


bottle containing dilute alkali to remove any traces of acid which might 
contaminate it. 

(3) In the third method a ventricular strip preparation was employed. 
This was made by cutting open a ring of ventricular muscle, obtained 
by making two cuts across the ventricle parallel to the a.-v. groove. 
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The strip was set up in the glass chamber shown in Fig. 2. One end of 
the strip was fixed to a block of cork by two fine silver-coated pins which 
also formed stimulating electrodes, and the other end was attached by 
a thread to a light spring lever. The galvanometer leads were those 
described for method 1 and were placed as shown in the diagram, the 
strip being lightly crushed between the leads. The wires from the 
stimulating electrodes and galvanometer leads were fixed in position by 
imbedding them in a ring of plasticine placed round the lip of the opening 
in the top of the chamber and the opening was then closed by a greased 
glass plate (not shown in the figure). Between series of observations 
the glass plate was removed and the strip washed with a jet of Ringer's 
solution from a pipette, excess moisture being then removed with filter 


d 


A~f 
b a Crush 


Fig. 2. Apparatus for studying electrical response of ventricular strip during asphyxia, 


or action of CO,. (a) strip, (b) block of cork to which strip is fixed by (c) the stimulating 
electrodes, (d) galvanometer leads, (e) thread to lever. The strip is enclosed in the 
glass chamber (f), the opening in the top of which can be closed by a glass plate 
(not shown). 


paper, and the plate replaced. When the strip was to be poisoned with 
iodoacetic acid (1.a.4.) sufficient 1.4.4. Ringer to cover the strip was 
placed in the bottom of the chamber and was left for 30 min., during 
which time it was bubbled with air. It was pipetted off, and excess was 
removed from the surface of the strip with filter paper before further 
records were taken. The strip could be asphyxiated by passing hydrogen 
through the chamber. The rate of stimulation in these experiments 
was 12 per min. | | 


Measurement. An example of the type of response obtained from the 


whole ventricle is shown in Fig. 9a. For the purpose of measurement 
the duration was taken as the time from the stimulating shock to the 
angle formed between the final abrupt fall and subsequent slow rise. 
Both points being sharply defined accurate measurements were easily 
made. Rough measurements were made by drawing perpendiculars 
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_ through the two points to cut the time scale and estimating the duration 
_ on the latter. Accurate measurements were made under a lens against 


a standard scale divided into } mm. The distance from the stimulus to 
the angle at end of the final fall of the electrical response, and a section 
of the corresponding portion of the time scale were measured and the 
value of the duration of the electrical response (p.z.R.) calculated from 
these measurements. The responses obtained from the strip preparation 
were similar to those obtained from the whole ventricle and were 
measured in the same way. The height of the mechanical response 
(H.M.R.) was measured against the millimetre graduations thrown on the 
paper by the scale etched on the lens of the camera. 

Perfusion fluid. Two perfusion fluids were used, one buffered with 


a phosphate and the other with bicarbonate. Their percentage compositions 


were as follows: 

(1) NaCl 0-65; KCl 0-02; CaCl, 0-018; Na,HPO, 0-05 (pH 7-5). 

(2) NaCl 0-65; KCl 0-02; CaCl, 0-018; NaHCO, 0-05 (pH 8-5 after 
thorough aeration). 


I. RELATION OF ELECTRICAL RESPONSE TO TYPE 
OF METABOLISM. 


The frog’s ventricle perfused with thoroughly aerated Ringer’s 
solution has been shown by Clark, Gaddie and Stewart [1931, 
1932 a] to derive its energy from at least two sources, one of which is 
carbohydrate while the other for want of more precise knowledge of its 
nature must be termed non-carbohydrate. They found the carbohydrate 
metabolism to be about 40 p.c. of the total. Clark, Gaddie and 
Stewart [1932 b] and Clark, Eggleton and Eggleton [1932] showed 
that a ventricle deprived of oxygen derives its energy solely from 
carbohydrates, and contracts quite normally provided that the perfusion 
medium is alkaline, thus allowing the muscle to excrete the lactic acid 
formed. Clark, Eggleton and Eggleton [1932] found that, on the 
other hand, a ventricle in which carbohydrate metabolism has been 
excluded by poisoning with 1.4.4. can contract normally provided that 
the perfusion fluid is thoroughly oxygenated. It is therefore possible, 
by subjecting a ventricle to the appropriate conditions to cause it to 
derive its energy from any one of the following three sources: (1) the 
normal mixed carbohydrate and non-carbohydrate, (2) pure carbohy- 
drate, (3) pure non-carbohydrate. In order to determine whether the 
type of metabolism has any influence on the electrical response, experi- 


4 
— 
> 
w 
og 
ay 
Deed 
* 
| 
if 
ae 
“@ 
INE » 
> 
4 
4 
; 
pic 
b 
a ¥ x 
tk 
wre 
is 
a 
oa 
>. 
4 
ff 
‘ 
BS. 
4 
+ 
J 
3 
ih 


438 | A. 8. DALE. 


ments were carried out in which the effect on the electrical response was 
observed, of changing from the normal mixed metabolism to either pure 
carbohydrate or pure non-carbohydrate metabolism. 


(a) Comparison of mixed with pure carbohydrate metabolism. 

The ventricle was set up according to method 2 and was perfused 
with the alkaline bicarbonate-buffered Ringer’s fluid. A series of records 
of the electrical and mechanical responses was first taken while the 
perfusion fluid was bubbled with air. The ventricle was then asphyxiated 
by bubbling hydrogen instead of air and a second series of records was 
taken during this period of asphyxia. Finally the hydrogen was replaced 
by air and a third series of records taken. Table I shows the results of 


I. 


11.40} 15-0 14-0 


* two such experiments. It is evident that the change from mixed meta- 
bolism to pure carbohydrate metabolism produces a definite though slight 
effect on the mechanical and electrical responses, diminishing the former 
and increasing the duration of the latter. These effects, although small, 


are a constant feature of the change from mixed to pure carboh te 
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(b) Comparison of mixed with pure non-carbohydrate metabolism. 
The ventricle was again set up according to method 2 and was perfused 
with either phosphate- or bicarbonate-buffered Ringer’s solution bubbled 


_ with air, A preliminary series of records of the mechanical and electrical 
_ Tesponses was taken and the normal Ringer’s fluid was then replaced by 


fluid containing 1 in 25,000 1.4.4. Thirty minutes was allowed for the 
1.4.4, to act, and a second series of records was taken. Finally, in order 
to determine whether carbohydrate breakdown had been completely 
abolished, the ventricle was asphyxiated. A rapid fall of the mechanical 

response terminating in rigor was taken as evidence of complete abolition 
of carbohydrate metabolism. The results of two such experiments are 
given in Table II. It is evident that the change in metabolism produces 


Taste II. 
Rate D.E.R. H.M.R. 


a slight diminution of the mechanical response, while the values for the 
electrical response, though varying slightly, show no definite increase or 
decrease and we may conclude that the duration of the electrical response 
is unaffected. No change has been noticed in the form of the electrical 
response. 

Previous workers {de Boer and Spanhoff, 1933; Rothberger and 
Goldenberg, 1931] have described progressive changes in form and 
duration of the frog’s electrocardiogram produced by 1.4.4., but since 
these observations were made on the whole heart in situ in which neither 
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the rate of beating nor the supply of oxygen to the muscle was controlled, 
they are not comparable with the present ones. Siegel and Unna 
[1931] claim to have shown that the 7-wave of the mammalian electro- 
cardiogram is an expression of lactic acid production as they found that 
the T'-wave disappeared after large doses of 1.4.4. Their conclusions 
have been criticized by Léwenbach [1931], Rothberger and 
Goldenberg [1931], de Boer and Spanhoff [1933] and Maltesos 
[1984]. The present results show that it is possible, in the frog’s ventricle, 
entirely to abolish lactic acid production without affecting the duration 


or form of the electrical response. Edwards and Sanger [1933] found ~ 


that poisoning with 1.4.4. reduces the refractory period of isolated turtle 
auricles, a change which would correspond with a decrease in the duration 
of the electrical response. Since, however, no mention is made in their 
paper of any precautions to ensure a plentiful supply of oxygen to the 
auricles, it is probable that the auricles were in a state of partial asphyxia, 
a condition which after 1.4.a. poisoning would cause a decrease in the 
duration of the electrical response (see section II below). The same 
criticism applies to the experiments of Gupta [1933], who found that 
the refractory period of the frog ventricle perfused by Straub’s method 
is reduced by poisoning with 1.a.a. 


II. or METABOLISM. 


The experiments of this second series were carried out as a result of 
the observation that asphyxiation of the 1.4.4. poisoned ventricle pro- 
duced, together with the already known diminution of the mechanical 
response, a decrease in the D.z.R. Subsequent experiments were planned 
in an attempt to correlate this shortening of the p.E.R. with the metabolic 
changes which are known to occur when the 1.4.4. poisoned heart is 
asphyxiated?. Clark, Eggleton and Eggleton [1932] found that 
under these conditions the following changes in the metabolism occur: 

(1) The normal anaerobic source of energy, the breakdown of carbo- 
hydrate to lactic acid, is excluded by the 1.4.4. poisoning and there is 
therefore no recovery. 


(2) The phosphagen content of the muscle diminishes rapidly and 
becomes nearly zero when contracture sets in. 

At first sight it seemed possible that the second of these changes 
might be responsible for the reduction of the p..R., in which case the 


_* Tt was suggested to me that the shortening of the p.x.n. might be the result of a 
stimulation of vagus nerve endings. That this is not so is shown by the fact that the 
shortening still occurred when the perfusion fluid contained ] in 25,000 atropine sulphate. 
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p.z.R. would be an expression of the phosphagen content of the muscle. 
If this theory were the correct one, reduction of the phosphagen by other 
means should also reduce the D.z.R. That this is not so is shown by the 
results of the experiments described under section I(a). Clark, 


: Eggleton and Eggleton [1932] found that asphyxiation of a ventricle 


in an alkaline medium reduced the phosphagen content very con- 
siderably, whereas the results given in Table I of the present paper show 
that under these conditions the p.z.R. is slightly increased. The possibility 
that the shortening of the p.z.R. is due to impairment of the recovery 


_ processes was therefore investigated, and experiments were carried out 


in which the effect on the D.z.R. of conditions which affect the recovery 
processes of the muscle was studied. These may be divided into four 
groups as follows: 

(a) Asphyxia without acid production, i 1.€. asphyxia of 1.4.4. poisoned 
ventricle. The only known source of energy is the breakdown of phos- 

phagen, the supply of which decreases continuously. 

(6) Acidity without asphyxia. Normal ventricle perfused with acid 
Ringer's fluid. The metabolism is much reduced [Clark and White, 
1929 5). 

(c) Asphyxia and acidity combined. Normal ventricle asphyxiated 
in neutral Ringer’s fluid. Carbohydrate breakdown which is the sole 
source of energy for recovery is very much reduced as a result of accumu- 
lation of lactic acid [Clark, Gaddie and Stewart, 1934]. 

(d) Exhaustion of source of energy for recovery. Asphyxia of the 
normal ventricle in alkaline Ringer’s fluid until failure occurs as a result 
of depletion of the store of carbohydrate in the ventricle [Clark, 
Gaddie and Stewart, 1932 b; Gaddie and Stewart, 1934). 

(a) Asphyzia after 1.4.4. poisoning. This was studied on whole 
ventricles (method 2) and on ventricular strips (method 3). It was found 
that in the whole ventricles asphyxia produced very pronounced changes 
in the form of the electrical response, making it difficult in many experi- 
ments to determine which points were comparable for the purpose of 
measurement. It seemed possible that these changes of form might be 
the result of changes in the path of the impulse over the ventricle, and 
the experiments on the strips were carried out with a view to eliminating 
these, but in this preparation also, the form of the electrical response was 
found to undergo changes as asphyxia progressed similar to those observed 
in the experiments with the whole ventricle. However, in a few experi- 
ments dependable measurements were obtained and the results of two 
of these, one on a whole ventricle and one on a strip, are shown in 
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Fig. 3a and b. In each case the upper curve represents the H.M.R. and 
the lower curve the p.z.r. The dotted line at the end of each H.m.R. 
curve represents a rise of the base line and indicates the onset of con- 
tracture. A star is placed beside the point which corresponds to the 
first electrical response to show a conspicuous change of form. It is 
evident that in both experiments shortening of the D.B.R. occurred 
before this change of form set in, and continued in spite of it. The duration 
of the electrical response never decreased as rapidly as did the height of 


Fig. 3. Effect of asphyxia on the height of the mechanical resp (x— x) and duration 
of electrical response (e—e) of (a) the isolated ventricle of the frog stimulated at 
16 per min. and (b) the isolated ventricular strip preparation of the frog stimulated 
at 13 per min. The arrow in each case indicates commencement of asphyxia. A star 


is placed opposite the point corresponding to the first electrical response to show 
definite change of form. 


the mechanical response, and an average taken from a number of 
experiments shows that a 50 p.c. reduction of the H.M.R. was associated 
with a 30 p.c. reduction of the p.z.z., while with a 100 p.c. reduction 
of the H.M.R. we find a 50-60 p.c. reduction of the p.z.x. The electrical 
response persisted through the first stages of rigor and disappeared on 
death of the muscle. | 

(b) Action of acids. In studying the action of acids three acids were 
used, namely carbon dioxide, hydrochloric acid and lactic acid. 

The effect of CO, was observed both on whole ventricles and on 
ventricular strips. The whole ventricles were set up according to method 1 
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"and perfused with bicarbonate-buffered Ringer’s solution. Air containing 


known concentration of CO, (20 or 30 p.c.) was then bubbled through 


_ the solution. The strips were set up according to method 3 and air 


containing 10 or 15 p.c. CO, passed over them. The action of hydrochloric 
and lactic acids was studied on whole ventricles set up according to 
method 1. Perfusion was begun with the normal phosphate-buffered 
Ringer’s solution (pH 7-5), and this was then replaced by the same 


' solution to which sufficient hydrochloric acid or lactic acid had been — 


added to bring it to the desired reaction. Two reactions were studied, 
pHi 6-0 and 5-2. The perfusion fluid was bubbled with air throughout 
the experiment. 

The effects of hydrochloric and lactic acids (pH 5-2) are shown in. 
Figs. 4 and 5. In each the upper curve represents the mechanical 
response, the middle curve the duration of the electrical response and 
the lower dotted curve the time from the stimulating shock to the 


_ beginning of the final fall of the electrical response. It is evident that 


while the effect on the mechanical response is a simple diminution, that 
on the duration of the electrical response is diphasic, the primary effect 
being an increase which is later followed by a diminution. This increase 
is, however, mainly or often entirely confined to one portion of the 
electrical response, the period of fall, for if the time from the stimulating 
shock to the beginning of the final fall is measured the increase is found 
to be much less or even absent (see lowest dotted curves in Figs. 4 and 5). 
On replacing the acid fluid with normal Ringer the mechanical response 
increases rapidly at first and later more slowly until it reaches its former 
value. The p.z.R. on the other hand often shows a further diminution 
before finally increasing to its original value. This is evident in Fig. 5 
(lactic acid) while it is absent from Fig. 4 (HCl). No evidence has been 
found of a temporary increase above normal of the p.x.R. during the 
recovery period such as that observed during the action of acid. The 
intensity of the effects produced by acid varies in different hearts, some 
being more resistant than others. Further, the resistance decreases after 
one or more treatments with acid, so that if several applications of acid 


- are made to the same heart the effects of the later applications tend to 


be greater than those of the earlier ones. With lower concentrations of 
acid, #.e, sufficient to bring the reaction of the Ringer’s solution to pH 6-0, 
the effect on the mechanical response is a diminution which is less than 
that produced by the higher concentrations of acid, while the electrical 
response shows a simple increase of duration which, as before, is mainly 
confined to the period of the final fall. 
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The effect of CO, was studied on whole ventricles and on strips. 
Three experiments were performed on the wile ventricle, and in only 
one of these was a shortening of the p.z.R. observed, the others showing 
an increase. ee 


2 


> 


5 10 $5 mins. 10 Wmins. 
Fig. 4. Fig. 5. 

Fig. 4. Effect of perfusing isolated frog’s ventricle with Ringer’s fluid brought to pH 5-2 

| with hydrochloric acid on H.M.R. (x— x), D.E.B. (e—e) and time from stimulating 

shock to beginning of final fall of electrical response (e-~—e). The vertical dotted lines 

indicate the moment of beginning perfusion with the acid fluid and the moment of 

its replacement with normal Ringer’s solution. Rate of stimulation 17 per min. 


Fig. 5. As Fig. ee Rate of stimulation 
20 per min. 


the electrical response, the portion between the stimulus and the be- 
ginning of the final fall increasing to a much smaller extent. In all the 
experiments the mechanical response showed a pronounced decrease. 
In the experiments on the strips, CO, produced a diminution in the 
mechanical response which was accompanied by either a simple decrease 
in the duration of the electrical response or by a preliminary increase 
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followed by a decrease. The simple decrease was more usual, and the 
results of such an experiment are shown plotted in Fig. 6. It will be 
noticed that while the decrease of the H.M.R. is steep from the beginning, 
that of the D.z.8. does show a tendericy towards the diphasic form, being 
at first gradual and later becoming more rapid. The difference between 
the effect of CO, on the whole ventricle and its action on the strips is 
not understood. It seems unlikely that it is a difference in the intensity 
of the effect and that with a higher concentration of CO, the increase 
of D.E.B. observed in the whole ventricle might be followed by a decrease, 
for as judged by the diminution produced in the mechanical response 
the effects are of similar intensity in the two preparations. 

(c) Asphyxia in neutral Ringer. Clark, Gaddie and Stewart 
[1932 6] found that when a ventricle is asphyxiated in neutral Ringer’s 
fluid it is unable to excrete the lactic acid formed and this accumulates 
inside the heart. In a later paper (Clark, Gaddie and Stewart, 1934] 
they have shown that the failure of the ventricle under these conditions 
is due to the fact that the accumulation of lactic acid inhibits carbo- 
hydrate breakdown. 

The effect of asphyxia in neutral Ringer was studied by method 2, 
the perfusion fluid being buffered with phosphate and brought to 
pH 6:8-7-0 by addition of HCl. The effect of asphyxia was also observed 
on the strip preparation set up according to method 3. Since the strip was 
suspended in a gas (air or hydrogen) it was unable to excrete lactic acid 


_. and the conditions were similar to those of asphyxia in a neutral medium. 


The result of an experiment with a whole ventricle is shown plotted 
in Fig. 7, and it will be seen that the effect of asphyxia in neutral Ringer 
is similar to that of acid, namely a simple decrease of the H.M.R. accom- 
panied by an increase followed by a decrease of the D.z.B., the increase 
of the D.£.8. in this particular experiment being entirely confined to the 
period of final fall of the electrical response: Clark, Gaddie and 
Stewart [1934] noted that if a ventricle was asphyxiated several times 
in succession, the rate of diminution of the mechanical response became 
progressively greater. This was confirmed in the present experiments, 
the rate of diminution of both Hu.m.R. and D.z.R. being greater in the 
second of two asphyxiations. The experiments with the strips gave 
similar results, though the preliminary increase in the D.x.R. did not 
always occur, being observed in three out of six experiments. The 4.M.R. 
showed a simple decrease. 

If a ventricle was asphyxiated during perfusion with a fluid slightly 
more alkaline than pH 7-0, the effect was a slight diminution of the 
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H.M.R. accompanied by a simple increase in the D.z.R., the increase being 
as before mainly confined to the period of the final fall of the electrical 
response. Presumably under these conditions the ventricle was able to 
excrete part of the lactic acid formed, and the concentration reached in 


mms 


Fig. 6. Effect of CO, (15 p.c. in air) on H.M.B. (x— x) and D.E.B. (e—e) of isolated 
ventricular strip. CO, on at first vertical dotted line. At second dotted line CO, off 
and strip washed, Rate 13 per min. 


Fig. 7. Effect of asphyxia of the isolated frog’s ventricle in neutral Ringer's fluid on 
H.M.B. (x——X), D.E.B. (e—e) and time from stimulating shock to beginning of 
final fall of electrical response (e-—-e). The vertical dotted lines indicate beginning 
and end of asphyxia. Rate 15 per min. 


the muscle was then less than that produced by asphyxia in more acid 
solutions. 

(d) Asphyxia in alkaline Ringer until exhaustion occurs. Clark, 
Gaddie and Stewart [19326] and Gaddie and Stewart [1934] 
showed that a heart asphyxiated in an alkaline medium depends on its 
own carbohydrate stores as an ultimate source of energy, and that if 
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_ asphyxia is continued for a sufficiently long time the heart fails as a 
~ result of depletion of its carbohydrate stores; it can then be revived by 
adding glucose to the perfusion fluid. Results already described in the 
present paper show that conditions which interfere with the recovery 
processes of the heart produce a diminution in the duration of the 
electrical response, and it seemed likely that the exhaustion of the 
carbohydrate stores in the manner described by Clark, Gaddie and 
Stewart would have the same effect. Experiments were therefore 


mms. 


| | l L nA 
20 40 60 80 100 120 140mins. 

_ Fig. 8. Effect of prolonged asphyxia of isolated frog’s ventricle in alkaline Ringer’s fluid 
ae on H.M.R. (x—x) and D.z.R. (e—e). At first arrow H, on, and at second arrow 
| glucose (0-1 p.c.) added to perfusion fluid. Rate 15 per min. i 


carried out to test this point. The ventricle was set up according to 
_ method 3 and perfused with the alkaline bicarbonate-buffered Ringer’s 
fluid. After a preliminary record had been taken from the normal 
ventricle asphyxia was begun and occasional records taken until the 
ventricle showed signs of failing, when they were taken more frequently. 
When the mechanical response had become very small and before it 
vanished, the ventricle was revived by replacing the Ringer’s fluid in 
the cannula with fresh fluid containing 0-1 p.c. glucose. Fig. 8 shows the 
results of one such experiment. It will be noticed that the mechanical 
response, after a preliminary decrease, remains fairly constant for 80 min., 
while the electrical response shows the increase of duration which is 
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always associated with a change from normal to pure carbohydrate 
metabolism. After 80 min. asphyxia the mechanical response begins to 
decrease more rapidly, and this decrease is associated with a diminution 
in the duration of the electrical response, which decreases to well below 
its original normal value. On addition of glucose to the perfusion fluid 
both responses return rapidly to their original values. 7 


THE FORM OF THE ELECTRICAL RESPONSE. 


In all the experiments with the whole ventricle described in the 
present paper, the electrical response was led from the surface of the 
ventricle and the bulbus aorte, and curve a of Fig. 9 shows the type of 
response obtained. Since the ligature which bound the ventricle to 
the cannula produced a complete block between ventricle and bulbus the 
bulbus always remained quiescent throughout the experiment, and the 
electrical responses obtained were those of the ventricle only. The 
advantages of this method of leading were that in a heart in good con- 
dition the form of the responses changed very little during experiments 
lasting an hour or more, and the form of the responses was such that 
accurate measurements of their duration were easily made. As has 
already been mentioned, the responses obtained from the strips were 
similar to those obtained from the whole ventricles. It had been hoped 
that it would be possible to record pure monophasic responses from the 
strips by leading from two points separated by a crushed region. How- 
ever, to obtain true monophasic responses, the muscle must be freshly 
crushed and its surface kept as free as possible from moisture. Since, 
in the present experiments, any one series of observations extended over 
a considerable period of time, and since thorough drying of the sponge-like 
_ Inner surface of the ventricular muscle was detrimental to the condition 
of the strip, neither of these conditions was realized and monophasic 
responses were not obtained. 

It was noted in the section dealing with the effect of asphyxia on the 
1.4.4. poisoned ventricle, that the form of the electrical response tends 
to change very significantly during this process. The records reproduced 
in Fig. 9 show this, and it is evident that the sign of the portion which 
follows the initial spike becomes reversed, so that the final responses 
resemble ordinary diphasic responses of short duration. A similar change 
in the form of the response was also observed in the experiments in which 
ventricular strips were asphyxiated after poisoning with 1.4.4. The form 
of the electrical response also tended to change in the same way when the 
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whole ventricle was treated with acid, or exhausted of its carbohydrate 
stores by prolonged asphyxia in an alkaline medium. In these experi- 
ments it was possible to revive the ventricle by perfusion with normal 
Ringer’s solution or with glucose respectively, and it was found that 
the electrical responses then returned to their original form. No ex- 
planation is offered of these changes in the form of the electrical response. 
It is of interest to note that Edwards and Brown [1934] obtained 


Fig. 9. Electrical responses of isolated frog’s ventricle showing effect of asphyxia after 
1.4.4. poisoning. (a) before asphyxia, (b) 30 sec. (8 beats) after beginning asphyxia; 
(c), (d), (e), (f) and (g) show every 10th beat after (b); (h) the 15th beat after (g), was 
the last electrical response before the ventricle died in contracture. 


responses similar to that shown in Fig. 9 a from strips of turtle auricle 
which had been crushed between the galvanometer leads, and that these 

' responses became ‘diphasic when the strips were subjected to high 
_ hydrostatic pressures. On releasing the pressure the responses returned 

to their original form. 

Discussion. 

a It is evident from the results presented in section I of this paper that 

- the electrical response of the isolated ventricle of the frog is not sig- 

_ nificantly altered either as regards duration or form when the breakdown 

of carbohydrate to lactic acid is eliminated by poisoning with 1.4.a., 
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provided that the ventricle is supplied with sufficient oxygen to maintain 
a mechanical response of normal amplitude. When, on the other hand, 
the metabolism is restricted to pure carbohydrate by asphyxiating the 
ventricle in presence of a large volume of alkaline Ringer’s fluid, the 
duration df the electrical response is slightly increased. It seems likely, 
however, that this increase is not a direct result of the change from mixed 
to pure carbohydrate metabolism, but is more probably produced by 
a slight increase in the lactic acid content of the muscle, which will result 
from the increased lactic acid production, since it has been shown by 
previous workers that small increases in the hydrogen-ion concentration 
_of the perfusion fluid cause a lengthening of the electrical response or the 
refractory period [Daly and Clark, 1920; Carter and Dieuaide, 1926], 
and in the present investigation it has been found that the primary effect 
_ of larger concentrations of acid is an increase in the D.E.R. 

Section II of the paper deals with the effect on the mechanical and 
electrical responses of subjecting the heart to various conditions known 
to reduce the metabolic processes which produce the energy for recovery 
after a contraction, and the ultimate effect of all of these conditions has 
been found to be a reduction both in the amplitude of the mechanical 
response and in the duration of the electrical response. The decrease in 
the mechanical response is readily explained on the ground that the 
energy available for a contraction becomes progressively less as recovery 
after preceding contractions becomes progressively less complete, and 
the results of previous workers suggest that the decrease in the duration 
of the electrical response may be explained in a similar manner. According 
to present theories the electrical response is the outward expression of 
the breaking down of a polarized membrane, and before a second response 
can be elicited this membrane must be reconstituted, a process which 
will require energy. Now Clark and White [1928, 1929 a] found that 
the resting metabolism of the heart is high, and we may conclude that 
part at any rate of the energy produced by this resting metabolism is 
used in maintaining the supposed membrane in a state of polarization. 
They found further that the metabolism of a heart which is beating but 
empty and therefore performing no significant work is very little more 
than that of the arrested heart, suggesting that the mere passage of the 
impulse over the heart does not involve any significant consumption 
of energy. More recent work by Clark, however [1935], has shown that 
these results are not valid, and that the metabolism of the empty beating 
heart is in fact significantly greater than that of the empty arrested 
heart, the ratio being about 2 : 1 for a frog ventricle beating at 15 per min. 
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It seems, therefore, that the passage of impulses over the heart does 
involve the consumption of energy, and we may conclude that this 
energy is used in the reconstitution of the polarized membrane after the 
passage of an impulse, This being so, it is to be expected that any 
impairment of the recovery processes of the muscle will result in in- 
complete reconstitution of the membrane, and the subsequent breakdown 
of such an incomplete membrane should produce an abnormal electrical 


_ response, A clue to the nature of this abnormality is given by the work 


of Schellong and Schiitz [1928]. Using isolated strips of the ventricle 
of the frog they found that following a contraction there is a relative 
refractory period or period of recovery, not only for excitability but also 
for the electrical response, a characteristic of responses elicited during 


__ this recovery period being a reduced duration. The recovery period being 


presumably the period during which the membrane is being recon- 
stituted, the short electrical responses elicited during this time result 
from the breakdown of an incomplete membrane; we should therefore 
expect that impairment of the recovery processes of the muscle would, 
by causing incomplete reconstitution of the membrane, also produce a 
decrease in the duration of the electrical response, and the results of the 


_ experiments described in the present paper agree with this expectation. 


We may now explain the results obtained under the four headings of 
section II as follows: | 

(a) Asphyxia without acid production, i.e. asphyxia after poisoning 
with 1.4.4. Under these conditions the recovery processes diminish nearly 
to zero, and the muscle obtains its energy from the breakdown of 
phosphagen. As the store of phosphagen becomes progressively less the 
available energy decreases, the restoration of the polarized membrane 
becomes progressively less complete and the duration of the electrical 
response becomes gradually shorter, until, when all the phosphagen is 
broken down, no reconstitution occurs and the electrical response 
vanishes. 

(6) Acidity without asphyxia. Clark and White [19296] have 
shown that the metabolism of the normal beating frog’s heart can be 
reduced nearly to that of the resting heart by acid, and De [1928] has 


shown by another method that acid reduces the recovery processes. The 


results of the present experiments show that while the effect of acid on 
the mechanical response is an immediate reduction, that on the duration 
of the electrical response is primarily an increase which is later followed 
by a reduction. We know from the work of Daly and Clark [1920] and 


 Carterand Dieuaide [1926] that quite small increases in the hydrogen- 
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ion concentration of the perfusion fluid increase the duration of the 
electrical response and refractory period respectively, suggesting that 
this increase is a specific effect of acid, unassociated with its effect on 
metabolism. This conclusion is supported by the observation in the 
present experiments that the increase is almost entirely confined to one 
phase of the electrical response, the final fall. The diphasic effect of acid 
on the duration of the electrical response observed in the present experi- 
ments may then be explained as follows. At first the specific effect of 
acid on the electrical response outweighs the effect due to decreased 
metabolism, the result being an increase in duration, but later when the 
metabolism is sufficiently reduced the position is reversed, the effect of 
decreased metabolism outweighing the specific effect and me duration 
of the electrical response diminishes. 

(c) Asphyxia and acid combined, resulting from asphyxia of the 
normal ventricle in neutral Ringer’s fluid. In asphyxia the sole source 
of energy for recovery is the breakdown of carbohydrate to lactic acid, 
and when the heart is perfused with a fluid of neutral reaction, the acid 
formed is unable to escape into the perfusion fluid and accumulates in 
the muscle. Clark, Gaddie and Stewart [1934] have shown that 
carbohydrate metabolism is readily inhibited by acid, and the effect on 
the mechanical response of asphyxia in neutral Ringer’s fluid is an 
immediate reduction. The effect on the electrical response is, however, 
diphasic, the specific effect of acid at first outweighing that of reduced 
metabolism and producing an increase in duration. Later when sufficient 
lactic acid has accumulated to reduce the carbohydrate metabolism to 
such an extent that the effect of reduced metabolism outweighs that of 
acid, the duration of the electrical response decreases. 

(d) Exhaustion of source of energy for recovery, by asphyxia in 
alkaline Ringer until the heart fails from depletion of its store of carbo- 
hydrate. During the first one or two hours of asphyxia the breakdown 
of carbohydrate provides sufficient energy to maintain normal mechanical 
and electrical responses, the duration of the electrical response being 
slightly increased. The cause of this increase has been discussed in 
connection with section I of this paper. The store of carbohydrate 
eventually becomes exhausted however, and when this occurs recovery 
is incomplete and the height of the mechanical response and duration 
of the electrical response are both diminished. Glucose added to the 
perfusion fluid at this time provides a renewed source of energy for 
seyeey and both responses then return to normal. 
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SUMMARY. 
1, The duration and form of the electrical response of the slic 


_ ventricle of the frog are unaffected by a change from the normal mixed 


metabolism to pure non-carbohydrate metabolism (poisoning with iodo- 
acetic acid in presence of oxygen), provided the perfusion fluid is kept 
well oxygenated. A change from normal to pure carbohydrate meta- 
bolism (asphyxia in an alkaline medium) produces a slight increase in 
the duration of the electrical response. This increase is, however, 
probably the result of the increased production of lactic acid which 
occurs under these conditions. 

2. Any conditions which reduce the recovery processes following a 


contraction produce, together with a reduction of the mechanical 


response, an ultimate diminution in the duration of the electrical 
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‘THE EFFECT OF LIVER FEEDING IN 
RELATION TO OXYGEN WANT. 


By H. B. PARRY. 
(Fron the Physiological Laboratory, Cambridge.) 
(Received April 30, 1935.) 


Ir has long been known that residence at high altitudes, or in chambers 
at low oxygen tensions, is accompanied by a rise in hemoglobin content 


and number of red cells of the blood [for literature see Barcroft, | 


1925 a]. The increased reticulocyte count under such conditions [Bar- 
croft, 1925 b] showed that this rise is at least partly due to increased 
bone marrow activity. 

The stimulus causing this secibiaed activity has been generally 
ascribed to the concurrent anoxemia, although Kestner [1921] 
suggested that products of the increased solar radiation at high altitudes 


were the effective factor. The exact mechanism of this action, whatever — 


the stimulus, remains unknown; the question arises whether the stimulus 
acts directly on the bone marrow or indirectly through some hemopoietic 
substance. If the action be indirect, it seemed probable from the work 
of Whipple e al. [1920] and of Minot and Murphy [1926] that the 
liver might play some part in initiating this polycythemia under 
conditions of low oxygen tension. 

Two series of rabbits were kept under identical conditions of feeding 
and temperature, one series in normal air and the other under conditions 
of low oxygen tension at barometric pressure in a large chamber 


Tasze I. 
Date CO, vol. Date 0, vol. Date 0, vol. CO, vol. 
1934 p.c. 1934 pc. pe. 1934 p.c. p.c. 
Aug. 2 as 03 Sept.19 5-2 76 Oct. 24 6-3 10-6 
10s «14-2 2-8 20 6-9 71 30 9-9 75 
11 13-4 4-0 21 Wl 46 # Nov. 2 9-2 8-2 
ll 124 3-9 22 «4118 6-4 4 6-6 10-2 
13 5-2 28 56 9-4 6-7 10-7 
18 8-4 4-3 29 9-1 75 7 10-0 76 
21 101. O7 Oct. 8 169 4-4 8 126 6-6 
Sept. 9 136 6:5 10 78 1 5-3 
12 71 9-6 16: 10-7 4-7 «19-9 0-8 
13 76 8:4 18 5-6 10-4 Dec. 10 106 8-0 
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2 [Barcroft e al. 1920]. The carbon dioxide and water vapour were re- 


moved by a soda-lime scrubber and replaced by nitrogen until the required 
oxygen tension was obtained. The air was always moist. The oxygen and 
carbon dioxide percentages are given in Table I. 

The animals, which were fed on cabbage and a mixture of bran and 
oats, were kept in the chamber for upwards of 10 days until their 


hemoglobin and red cell values showed a considerable rise (Table II), 
These and the control rabbits were then killed as required, bled out and — 


their livers removed. The livers, which were kept in a refrigerator until 
required (the maximum time before use was 6 days), were fed to two 
groups of rats at the rate of 2 g. per rat per day in addition to their normal 


- diet of milk and brown bread. The liver feeding was carried on for 


22 days, but with no change ‘in the blood of the rats. After a week’s 
interval, the feeding was continued for a further 32 days, when the 
final rat blood determinations were made. The results are shown in 
Table III. The hemoglobin was estimated by Haldane’s carboxy- 
hemoglobin method, the standard being calibrated against an oxygen 
capacity determination. For the red cell count, 100 squares of a Thoma 
hemocytometer were counted. The same hemoglobin standard, pipettes 
and hemocytometer were used throughout. All blood samples in the 
rabbit were taken from the marginal ear vein and in the rat from the tail. 

The changes in hemoglobin and red cell values of both control and 


_ experimental groups were very slight. The rise in the control group may 


be due to a slight anzemia in a few animals at the beginning—the groups 
were selected haphazard—which was rectified by the non-specific dietary 


value of the liver. Rat B10 died from injuries received during fighting. | 


Summary. 


The livers of rabbits, which have been subjected to low oxygen tensions 
and show raised hemoglobin and red blood cell values, contain no factor 
capable of initiating a similar rise in the hemoglobin and red oe values 
of rats under normal atmospheric conditions. 


My sincere thanks are due to Prof. J. Barcroft for suggesting this investigation and 
for his constant advice, and to Dr P. Gyorgy for very considerable help. 
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THE ELIMINATION OF XYLOSE, CREATININE AND 
UREA BY THE PERFUSED MAMMALIAN KIDNEY. 


By A. HEMINGWAY. 4 
(From the Physiology Institute, Cardiff.) 
(Received May 10, 1935.) 


Tue method of estimating the rate of glomerular filtration by following 
the elimination in the urine of a substance which is supposed to be 
filtered through the glomerulus and to suffer no change in amount while 
passing along the tubules has been applied by several workers [Mayrs, 
1922; White, 1923 (sulphate); Rehberg, 1926 (creatinine)], and has 
recently received fresh impetus from the claim of Jolliffe, Shannon 
and Smith [1932] that “non-metabolized sugars” and, in particular, 
xylose, can be used for such a purpose. 

Since no two substances appear in the urine concentrated to the same 
extent, it is certain that only one, if any, can be present solely as a result 
of filtration. No rigid proof has been given that any one of the substances 
examined is eliminated only by filtration. 

In an endeavour to obtain further evidence regarding the site and 
_ method of elimination of these substances, the output of creatinine, 
xylose and urea has been measured and compared in experiments with 
the perfused kidney where the renal circulation and blood flow can be 
controlled and measured. 

The rate of elimination of a substance may be expressed in terms 
of the “clearance rate” [Méller, McIntosh and van Slyke, 1928] 
given by the expression UV/P, where U=concentration in the urine, 
_ P=concentration in the plasma and V =rate of urine flow. The clearance 
rate becomes a measure of the glomerular filtration rate if the substance 
is eliminated only through the glomerulus. | 

_ The rate of filtration calculated in this way should be independent 
of the plasma concentration provided the vascular conditions are un- 
affected by change in concentration. While fulfilment of this condition 
does not necessarily mean that a substance is eliminated solely by 
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; glomerular filtration, it may be applied as a preliminary test; and i in the 


series of experiments to be described, the clearance rates for xylose, 


creatinine and urea have been measured at different plasma concentrations. 
A comparison of the behaviour of the perfused kidney with that in 


the normal animal has also been made by examining the ratios between 


the clearance rates for these substances in relation to similar measure- 
ments made by other workers on the intact animal. 


MetHops. 
The pump-lung-kidney preparation was made by the methods 


_ previously described [Hemingway, 1931, 1933). 


Xylose, creatinine and urea were made up as isotonic solutions and 
added to the perfusing blood to give desired concentrations in the plasma. 
Collection of samples was begun when the flow of urine was becoming 
constant, usually 30-40 min. after commencing perfusion. Blood samples 
were collected at the mid-point of periods of urine collection. Blood was 
centrifuged and a protein-free filtrate prepared, using the modification 
of Folin and Wu’s tungstic acid procedure due to van Slyke and 
Hawkins [1928]. 

Xylose was estimated in the filtrate by the method of van Slyke 


- and Hawkins [1929] using the Somogyi-Shaffer-Hartman reagent 


for reduction. Factors for calculation were read from a curve prepared 
from analyses of known xylose solutions. In common with Jolliffe, 


- Shannon and Smith [1932] it was observed that a portion of the 


xylose disappeared during the yeast treatment. This loss amounted to 
15-18 p.c. of the total, depending on the sample of yeast, but no allowance 
was made for it since it did not influence the calculation of the con- 
centration ratio. Estimations were performed in triplicate and the 
results averaged. Creatinine was estimated by Folin’s method and 
urea by the urease method. 

Similar methods were applied to urine after diluting to give a con- 
centration equivalent to that of the corresponding plasma filtrate. 

Perfusion pressure was kept constant in each experiment except 
where otherwise described, and measurements of pressure and rate of 
flow were made from tracings. 

RESULTS. 


Preliminary experiments in which suitable amounts of creatinine 
were added to the blood perfusing a normal kidney and also one treated 


with cyanide, showed no significant change in the renal circulation or 
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output of urine following the addition. Addition of xylose caused a slight 
vaso-constriction but it was not regarded as sufficient to hinder the 
course of the experiments. 


(a) The elearance of xylose at different plasma concentrations. | 


The results of eleven successful and consecutive experiments in which 
‘the clearance for xylose was calculated at two different plasma levels in 
each experiment are given in Table I. The addition of xylose necessary 
to give the higher concentration was made immediately following the 
first experimental period, and 8-10 min. were allowed for complete 
mixing of the blood and washing of the urinary passages before samples 
were collected in a second period. 


Jolliffe, Shannon and Smith [1932] have already reported that — 


xylose clearance is independent of plasma concentration, and the present 
results support. their findings since following increases in the xylose 
plasma concentration there was an average percentage change in 
clearance rate, compared with the original, of only 1-01. This small 
change is not regarded as significant in view of the large average deviation 
which is no doubt partly due to the difficulties associated with accurate 
estimation of xylose and the slight vascular disturbance already 
referred to. 7 | | 

The range of xylose clearance rates in twenty-three determinations 
where the perfusion pressure was between 100 and 120mm. Hg was 
0-25-0-94 c.c./kg. dog/min. with an average of 0-47 c.c. These figures 
are one-third to one-half of those given by Jolliffe, Shannon and 
_ Smith £1932] for intact and unanesthetized dogs, which have a range, 
halving their figures to obtain the clearance for one kidney, of 0-76- 
2-20 e.c./kg./min., although the urine flows in the perfusion experiments 
are higher than those recorded by Jolliffe, Shannon and Smith. 
The lower clearances found in the present experiments may be due to 
partial failure of the water reabsorption mechanism [Starling and 
Verney, 1925; Verney, 1929] with a consequent rise in tubular back 
pressure which diminishes the effective filtration pressure. A similar 
suggestion with regard to tubular resistance has already been put 
forward by Ekehorn [1931] to explain the diminished rate of elimination 
of certain substances which Starling and Verney found to occur after 
treating the kidney with cyanide. This possibility is being explored and 
will be discussed in a subsequent paper. 
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(b). The clearance of creatinine at different plasma concentrations. — 


Table II shows the results of five consecutive experiments in which 
p creatinine concentrations were changed. The course of each 
ex ent was similar to that described in the previous section, and 
in each the clearance calculated during the second phase with raised 
creatinine concentration was less than the original. The average per- 
centage diminution compared with the original was 19-8, and a rise in 
clearance rate following the addition of creatinine has never been 
- observed in any experiment in which the rate of urine flow has remained 
steady. Thus, unlike xylose, the clearance falls with increasing plasma 
concentration and this was observed particularly with high creatinine 
concentrations. With low ones the fall in clearance did not always occur. 
For instance, in one experiment (not shown in the table) the plasma 
concentration was increased from 5:- -15 mg. per 100 c.c. to 6-50; the 
clearance, 7:3 c.c. /min., was the same in both periods. 
Such variation in clearance with plasma concentration is opposed to 
the results of Shannon, Jolliffe and Smith [1932] on the dog; 
MacKay and Cockrill [1930], Cope [1934] on the rabbit; Cope [1931], 
Jolliffe and Chasis [1933] on man; but agrees with those of Kay 
and Sheehan [1933] on the rabbit, Shannon [1934] on the elasmo- 
_branchs and Marshall and Grafflin [1932] on the toadfish. Therefore 
creatinine cannot be used as a measure of glomerular filtration rate in 
the perfused kidney, and unless the eliminating mechanisms are quite 
different in the two cases, this must also hold for the normal kidney. 
It has been suggested [Shannon, Jolliffe and Smith, 1932] that 
a portion of the urinary creatinine is due to tubular secretion. If this 
is so, then a failure of the secretory mechanism with rising plasma 
- concentration would account for the results which have been obtained. 
Examination of the mitochondria of the proximal convoluted tubule 
of the perfused kidney suggests that the cells are approaching exhaustion 
[Gough and Hemingway, 1934], and this might explain the relative 
failure of the kidney to eliminate creatinine by active secretory processes 
at high plasma concentrations. In a similar fashion, a failure of secreting 


cells due to a deficient blood supply following experimental interference — 


may account for the results of Kay and Sheehan. On the other hand, 
the tubules of the intact mammal may be able to keep pace with 
increasing plasma concentration over a greater range, and so the linear 
relationship between the plasma concentration and the clearance rate in 
the normal animal would not be incompatible with the present results. 
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(c) Clearance rates after simultaneous inorease of creatinine 


Table III gives the results of an experiment in which creatinine and 
xylose plasma concentrations were increased simultaneously. The xylose 
clearance remained almost constant, but the creatinine clearance 
diminished when the plasma concentration of both substances was 


increased. | | 
Tastz III, 


Xylose Creatinine | 


cone, (U) conc.(P) cone. (U7) Blood- 


min. 100" cc. UV/P 100% 100% UV/P mm,Hg min. 
1-46 104 764 10-7 9-85 115-6 17-1 103 195 
100 mg. of creatinine and 500 mg. of xylose added to 450 c.c. of circulating blood 

1-82 162 913 10-2 18-45 154-2 15-2 103 195 


(4) The ratio between creatinine and xylose clearances. 


Thirteen simultaneous measurements of creatinine and xylose 
clearances have been made and the ratios between corresponding 
clearances are given in Table IV. The average value of the ratio, creatinine 
clearance/xylose clearance, 1-72, is slightly higher than the figure of 


1-22-1-45 given by Shannon, Jolliffe and Smith [1932] and that of 


1-68 obtained by White and Monaghan [1933] from the intact and 
unanesthetized dog. The present experiments also demonstrate that the 
ratio is not constant. Moreover, in any one experiment the ratio falls 


with increasing plasma creatinine concentration as is shown in Table ITI, 


and as indeed is to be inferred from the effects, which have already been 
IV. | 
Creatinine 

Xylose 


Average 
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described, of changes in the plasma concentrations of xylose and 
creatinine on their respective clearances. As will be shown later, the 
ratio also changes with variations in the renal arterial pressure. 


(e) Effect of changes in perfusion pressure on creatinine — 
and «xylose clearances, 
The clearance for both creatinine and xylose varies directly with 
perfusion pressure, and Fig. 1 depicts an experiment in in ae 
pressure 
mm. Hg 
130 


= 


8 


o 


Creatinine clearance and urine flow, c.c./min. 


> 


Time (min.) 
Fig. 1. 


creatinine clearance was determined at different pressures. This result 
confirms those of Medes and Bellis [1934], who, however, regarded the 
creatinine clearance as a measure of glomerular filtration rate. 
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When simultaneous determinations of creatinine and xylose clearances 
were made on the same preparation at two different perfusion pressures, 
both clearances were found to have increased when measured at the 
higher perfusion pressure, but that for creatinine was increased relatively 
more than that for xylose. If some of the creatinine is secreted by the 
tubules the change in the ratio of the clearances may be due to an 
increased blood supply to the tubule cells. On the other hand, if creatinine 
were eliminated solely by filtration, it might be expected with reason 
that the ratio would have fallen with a rise in perfusion pressure. The 
findings in two experiments are given in Table V. 


(f) Urea clearance and its relation to xylose clearance. 


Simultaneous measurements of the clearances for xylose and urea 
have been made in experiments with normal blood and also with the 
urea plasma concentration artificially raised by the addition of urea. 
Eighteen determinations from such experiments are given in Table VI. 
The average of the ratios, urea clearance/xylose clearance was 0-85. 
Reference to Table VII shows that this figure is slightly higher than that 
obtained by other workers, whose individual results however exhibit 
considerable variation. 


Taste VII. 
| Urea clearance 
Authors Kidney Xylose clearance 
Jolliffe, Shannon and Smith [1932] Dog 0-27-0-97 
Jolliffe and Chasis [1933] Man 0-69 
Chasis, Jolliffe and Smith [1933] Man 4. 068-0-83 
Keith, Power and Peterson [1934] © Man 0-81 


In several experiments attempts were made to compare the clearances 
for urea at two different plasma concentrations by adding urea to the 
blood after taking the first samples. But although the urine and blood 
flows were not greatly affected by the addition of urea the results were 
not regarded as satisfactory because of the large changes in urea clearance 
(see Table VI). In so far as any conclusion could be drawn from them 
they indicated that the urea clearance was independent of the plasma 
concentration. This is in accordance with the findings of van Slyke, 
Rhoads, Hillier and Alving [1934] on the dog, and Drury [1923] on 
the rabbit. Any change in the urea clearance was accompanied by a 


change in the xylose clearance in the same direction but the — 
were not 
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Discussion. 


The close agreement in the ratios of the clearances of creatinine, 

xylose and urea between the present results and those obtained by other 

_ workers on intact unanesthetized animals, suggests that the mode of 
elimination of these substances by the perfused kidney is not very 
different from that in the normal organ and that the main difference is" 
in the rate of elimination of water. Apart from this agreement the 
results must be examined for evidence regarding the claims that crea- 
tinine, xylose or urea are substances which may be used to measure 
glomerular filtration rate. 

Since the clearance for creatinine falls with increasing plasma con- 
centration under conditions which do not appear to lead to any failure 
of glomerular filtration, while the clearances for xylose and urea, although 
lower than for creatinine, are independent of the plasma concentration, 
the experiments would appear to support the theory of glomerular origin 


_ + for either urinary xylose or urea. If so, then a portion of the creatinine, 


varying with the plasma concentration, might be eliminated by tubular 
activity. That the kidney in the intact animal is capable of maintaining 
‘a constant clearance independent of the creatinine plasma concentration 
is beside the point. The tubular mechanism which preserves the linear 
relationship between tubular secretion and plasma concentration in the 
normal animal may well be disturbed by the conditions of:a perfusion 
experiment. | 
With regard to urea, the clearance for which is less than for xylose, 
although the general trend of the experiments suggests that the clearance 
is independent of the plasma concentration, yet the extent of the 
variations in clearance in adjacent periods coupled with the observations 
of Kay and Sheehan [1933] and van Slyke, Rhoads, Hillier and 
Alving [1934] who noticed release of urea from the kidney into the renal 
vein, lead to the opinion that a varying proportion of the urea filtered 
through the capsule is reabsorbed or diffuses through the tubule walls. 
The evidence presented is too inconclusive to be taken as proof of 
the glomerular origin of xylose and the question whether tubular 
secretion, reabsorption or diffusion plays any part in the elimination of 
this substance must be left open. If such activities do occur they are, 
however, so far as the present experiments are concerned, conditioned 
by the plasma concentration, and the xylose clearance if not an absolute 
measure may provisionally be regarded as proportional to the glomerular 
filtration rate. 
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SuMMARY. 


1. The plasma clearances for creatinine, xylose and urea have been 
measured in the isolated perfused kidney. 

2. The average creatinine clearance/xylose clearance ratio is 1-72. 

3. The average urea clearance/xylose clearance ratio is 0-85. - 

4, The ratios are within the range of similar figures obtained from 
normal animals. 

5. The clearance for creatinine falls with increasing plasma con- 
centration while the clearances for xylose and urea are independent of 
the plasma concentration. The xylose clearance is regarded as being 
proportional to the glomerular filtration rate. 


The expenses of this research were defrayed in part by » grant from the Government 
Grant Committee of the Royal Society. — 
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| “ Accommodation” in nerve. By A. V. Hitt and ) 
D. Y. Sotanpt. (Toronto.) 


In excitation of medullated nerve by currents of short duration one 


_ time factor only is involved, that of attainment of a threshold potential 


at the cathode. In frog’s nerve the process has a time constant k of the 
order of 0-35 msec. at 20°C. (see Hill [1935]: cf. Rushton [193], p. 272], 
Blair [1932] and others). With slowly increasing currents, or with 
currents of long duration, another process occurs with a much greater 
time constant A, the threshold rises, “accommodation” sets in. The value 
of A can be determined (a) from Lucas’s [1907] minimal current gradient 
(di/dt)/t,, which can be shown to be about 1/2A, (b) from the slope of 
the line relating threshold potential to time constant of rise of an ex- 
ponentially increasing current, which is also about 1/2. For frog’s nerve 
Ais usually about 35 msec., but occasionally as great as 100 msec. or as 


' smallas5 msec. Treatment by K or Ca ions, either by injecting 15-30 mg. 


of KCl or 20-40 mg. of CaCl, inte a 100 g. frog, or (usually) by soaking, 
makes “accommodation” very rapid (as Lucas [1908] found with 
muscle), .e. A very small. Soaking in a fluid poor in K and Ca makes 
it slow. Probably the wide variations in normal animals (Hungarian 
winter frogs) are due to parallel variations in the K or Ca ion con- 
centration of their body fluids. 

The usual value of A, 35 msec., is so large compared with k that 
“accommodation” can have little influence in excitation by constant 
current pulses or condenser discharges: the threshold is almost unaffected 


"even in the longest “utilization time”. Abnormally low values of A, 


however, particularly those after treatment with Ca or K, imply an 
“accommodation” so rapid that the intensity-duration curve might be 
considerably affected at the longer times. The use of Ringer’s solution 


_ too strong in Ca, or a low value of A due to some other cause, might be 


a reason for deviation from the theoretical intensity-duration curve. 
The wide variations of A are not accompanied by parallel variations 
of k, 
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Nerve excitation by alternating current. By A. V. Hitt and 
D. Y. Sotanpt. (Toronto.) 


The relation between threshold z.m.F. and frequency involves 
three factors: (a) the normal process of attainment of a critical potential 
at the cathode, as in other forms of excitation (time constant k); (b) “ac- 
commodation” at low frequency to the slowly rising current wave (time 
constant A); (c) the onset at high frequency of a maintained refractory 
state. Using calomel electrodes and a constant small electric response as 
index, we have found the equation [Hill, 1935; see also Blair, 1932, 
p. 747] H7/E,2=1+47%k*n?, relating E and n, to be obeyed very accu- 
rately over the middle region of frequency; this allows the determination 
of k, which agrees with that by condenser discharges. At high frequency 
E?* increases more rapidly than n?, owing to the onset of maintained re- 
fractoriness [see Bugnard and Hill, 1935]; the deviation commences 
(in frog’s nerve at 18° C.) at 1500-2000 cycles/sec. and becomes greater 
as the frequency rises. At low frequency “accommodation ’’ comes in and 


taises the threshold, so that there is an optimal frequency [see Lullies, 
1929; Achelis, 1930] somewhere between 25 and 150 cycles/sec. as we 


have confirmed. Taking account of “accommodation” the relation 
between and should be 


B/E? =(1+40%k?n) (1 + 


1 
At any but low frequencies the quantity inside the second bracket becomes 
unity, and the simpler equation is obeyed. At low frequencies, however, 
the second factor becomes important, indeed dominant when 2 is very 
low. The frequency for minimum threshold is given by n? = 1/47°Ak,so that 


a determination of this frequency, and of k from the middle region of the 


E? —n* relation, allows A to be calculated. This value of A agrees with that 
determined by other methods. The large effect of temperature on the 


optimal frequency found by Achelis [1930] is due tothe large temperature 
coefficients of A and of k. 
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_ ‘The effect of potassium on the excitability and on the resting 


metabolism of muscle. By D. Y. Sotanpr (Toronto). 
Soaking frog’s muscle in Ringer containing three to eight times the 


- normal potassium has long been used to produce inexcitability [Duliére 


and Horton, 1929]. Potassium inexcitability is extremely variable, with 
a marked seasonal variation. Rana temporaria (Belgian and English) 
sartorius muscles, during the summer months, consistently become in- 
excitable when soaked for 1 hour in Ringer containing three times the 
normal potassium. In the autumn and winter months no complete in- 
excitability is attained by soaking for as long as 6 hours in Ringer con- 
taining eight times the normal potassium. The muscles of Rana esculenta 
(Hungarian) show the same effects to a lesser degree. : 

While attempting to render such muscles inexcitable by means of 
excess potassium, it was found that Ringer containing eight times the 
normal potassium increased the resting heat production, in oxygen, to a 
value as high as ten times normal. The effect is halved in nitrogen, and 


can be reversed by washing in normal Ringer. Rubidium acts as potas- 


sium, and strontium has an antagonistic effect similar to, but less than, 
that of calcium. 

The potassium effect on resting heat is not accompanied by any 
shortening of the muscle. Changes in the sodium or calcium content of 
Ringer have no marked effect on resting heat production. Changes in the 
tonicity or pH of Ringer have no effect on resting heat up to the point 
where contracture occurs. Isotonic sucrose or dextrose increases the 
resting heat production to about the same extent as Ringer — 
six times the normal potassium. 

Reducing the potassium in Ringer has no effect on the resting heat 
production of frog’s muscle. The maximum increment in resting heat is 
produced by Ringer containing about eight times the normal potassium ; 
above this, higher potassium gives less heat until the normal rate is 
reached at about twenty times the normal potassium, after which no 
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change occurs until the concentration is reached at which contracture 
sets in. Potassium contracture occurs when the potassium content of the 
Ringer is thirty to thirty-five times normal, about the same as the internal 
potassium concentration of the muscle fibre. ? 

Fenn and Cobb [1934] have shown that frog’s muscle made inexci- 
table with sucrose, dextrose or potassium has its resting oxygen con- 
sumption increased above normal. This is in general agreement with the 
present findings which, however, do not indicate any necessary connection 
between the inexcitability and the increment in resting heat production. 
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Duodenal reflexes. By W. R. SpurRELt. 


Mechanical irritation or distension of the duodenum can reflexly 
affect the motor activity of the stomach. The following experiments 
were performed to analyse the effects upon the pylorus and the body of 
the stomach. | : 

Cats, decerebrated or under light chloralose anwsthesia, were em- 
ployed and the duodenum was divided just below the entry of the bile 
duct. Into the proximal end of the divided intestine was tied a tube 
leading to a recorder which measured the gastric outflow. Into the distal 

“end was inserted a tube with a thin rubber balloon, which could be in- 
flated to various pressures. A rubber catheter was passed into the stomach 
through the csophagus, filled with normal saline and connected to a 
water manometer to record intragastric pressure. With this preparation 
it was possible to record simultaneously the outflow from the stomach and 
the intragastric pressure under varying degrees of duodenal distension. 

In the decerebrate animals the tone of the stomach is good and the 
intragastric pressure high. When a saline meal is given with the duodenal 
pressure at 10 cm. of water, 60 c.c. of saline are evacuated in 5-10 min., 
the outflow starting 20 sec. after the meal begins to enter the stomach. 
If the duodenal pressure is raised to 30 cm. the mean rate of outflow is 
reduced to half its previous value and the latent period may be as much 
as 2} min. When the duodenal pressure is again reduced to 10 cm. the 
outflow is increased above its original value, and subsequent repetitions 
of this procedure lead to a further augmentation of the effect. 
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Under chloralose the tone of the stomach is poor, and the effect of 


_. duodenal distension more striking. Raising the duodenal pressure to 


30 cm. stops the gastric outflow completely while the intragastric pressure 
rises, t.¢, the pylorus closes but the tone of the stomach is not diminished. 
Lowering the pressure to 10 cm. leads to a prompt resumption of gastric 
outflow, the intragastric pressure falling at first and soon reaching a 
steady level. 

It would appear that distension of the duodenum diminishes the 
gastric outflow by increasing the tone of the pylorus, the body of the 
stomach showing very little alteration in its tonic activity. Lowering 
the pressure in the duodenum leads to a greater increase in the rate of 
gastric outflow than can be explained by the simple removal of the 
previous distension effect, a further diminution in pyloric tone resulting. 
Two reactions appear to be possible, (i) a positive distension effect which 
closes the pylorus and reduces the rate of gastric outflow, (ii) a negative 
distension or drainage effect which increases the gastric outflow by 
relaxation of the pylorus; the latter would explain the.rapid emptying 
of the stomach through a high duodenal fistula. 

The nervous path involved in these reflexes is limited to the splanchnic 
nerves as the type of preparation involves division of the intrinsic nerve 
connections between stomach and duodenum, whilst section of the vagi 


- does not abolish the effect. 


Crider, Mogan and Thomas [1934] have described an entero- 
gastric reflex in which duodenal distension diminished the gastric outflow 
mainly by inhibition of the motor activity of the body of the stomach. 
The reflexes described above differ in that the result appears to depend 
upon variations in pyloric tone with little change in that of the main 
stomach. | 
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Magnesium and formation of glycogen in the liver. 
By Cuar.es REID. 


Franke [1934] claimed that magnesium stimulated formation of 
glycogen in the liver in fed rabbits. Giving 100 mg. Mg intravenously as 
an isotonic solution of the chloride or gluconate, he found that, whereas 
the liver glycogen of controls averaged 3-5 p.c. (1-4-7-0), Mg treated 
rabbits had 10-5 p.c. (6-3-18-5) for the chloride and 13-3 p.c. (11-1-15-9) 
for the gluconate. 
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Apparently Mg is necessary for the organism as deprivation leads to 
general collapse, decalcification, etc. [McCollum and Orent, 1931; 
McCollum, Kruse and Orent, 1932], and Jenner and Kay [1931] 
showed that it activated the phosphatase system of mammalian 
tissues. 

In a series of experiments dealing with formation of giycoeen i in the 
livers of cats starved for 48 hours, it had been shown that chloralose did 
not inhibit formation of glycogen in the liver from carbohydrate and 
other sources. Accordingly, under the same anssthetic, MgCl, was added 
to the 20 p.c. glucose solution, given slowly into a vein, so that 35-91 mg. | 
Mg were given in five experiments during 2 hours, and the formation of e. 
glycogen compared with that obtained i in cats which were mnliatty given a 


glucose alone. 
Glucose 
Blood Liver 
Given Retained $$ glucose glycogen 
Wt. (kg.) pc. mg/100cc.  p.c. 
2-33 (6) 4.40 70 112 0-98 Glucose 
1-40 
242 1-72 
2-16 (5) 4-28 63 112 1-22 Glucose + Mg 
| 468 1-70 
291 1-96 
2-27 (3 _ _ 105 1-54 control 
152 0-93 
0-57 ; 
2-40 (4) 95 1:21 Chioralose control 
116 


infusion; averaged results for number of experiments in brackets. | 


- Although Mg is a depressant, the dose used did not lower blood- 4 
pressure from the normal limits for cats under chloralose. As the blood a 
glucose of glucose+Mg treated animals was higher than that of those : 
given glucose alone, the utilization of glucose was further depressed by : 
Mg in cats under chloralose. Glycogen formation in the liver occurred L 
readily in both cases, as shown not only by the averaged results but also 
by the data of the individual protocols. In view, moreover, of the greater 
decline in the liver glycogen p.c. of controls under chloralose and Mg 
(0-25 p.c./hr.) than under chloralose alone (0-1 p.c./hr.), it might be E 
claimed that Mg actually increased. the formation of glycogen when 
glucose was given. Diminished utilization in the tissues, however, would : 
leave more glucose available for conversion to glycogen in the liver, and 2 
Franke’s [1934] results for fed rabbits might well be —— as due to 
general lowering of tissue motabonen by Mg. 
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Choline and the fatty liver produced by feeding cholesterol. 
By C. H. Best and Jesstz H. Rivovur. (Preliminary communication.) 


In a previous communication [1933] we reported that choline pre- 
vented the deposition of fat in the livers of rats which received a diet 
containing large amounts of cholesterol. In a more detailed investigation 
of this problem Best, Channon and Ridout [1934] demonstrated that 


choline affected particularly the glyceride fraction of the liver lipoids, — 


but there was also a definite effect on the cholesteryl esters. Recently 
Channon and Wilkinson [1934] have reported the results of experi- 


ments in which choline was administered to rats with fatty livers produced 


by cholesterol feeding. From the analyses of the liver lipoids they con- 


cluded that choline had no effect on the phosphatides or cholesteryl 


esters, but caused a small decrease in the glyceride. We have had an 
opportunity of extending this investigation, and are able to confirm their 
observation that in this type of experiment the main action of choline is 


on the glyceride fraction. We have also noted a delayed effect on the 


cholesteryl esters. 

Our experiments differ from those of Channon and Wilkinson in 
that: (1) The diet to which cholesterol was added during the preparatory 
period in our experiments contained very little choline (0-12 mg. per rat 
per day). This results in a much higher glyceride content (18-9 p.c.) than 
is obtained when the same amount of cholesterol is added to a diet 
relatively rich in naturally occurring choline. (2) The diet on which the 
rats were placed after the preparatory period was not only low in choline 
but was also apparently free of other “lipotropic” factors (such as 
betaine, for example), the action of which would tend to obscure the 
effects of added choline. In several series of experiments, insome of which 
Miss M. E. Huntsman collaborated with us, evidence has been obtained 
that a factor of this kind is present in some specimens of potato starch. 
Sucrose, however, is a satisfactory carbohydrate for use in this type of 
experiment. The diet low in choline consisted of casein, egg-white, 
“Qrisco”, sucrose, salt mixture, agar, and preparations providing vita- 
mins A, B, and D. (3) The experiment was continued for 41 instead of 


ug 
| 
23 
WS. 
q 
> 
{ 
. 
q 
as 
| 
| 
| if 
| 
ig 
tye 
de 
oy 
| 
> 
| 
3 
i 
‘ 
7 
| 
J 
Se 


8 P. PROCEEDINGS OF THE PHYSIOLOGICAL 


12 days. After transfer from the preparatory diet containing cholesterol 
the rats were divided into two groups both of which received the diet low 
in choline without added cholesterol, and one group was given choline. 
Fifteen rats from each group were then killed at intervals of 18, 27 and 
41 days. The following results illustrate the effects of choline on the 


lipoids of the “cholesterol” fatty livers. 


Composition of the liver lupords 9. 100 g. liver). 


p-c. p.c. p.c. 
Control(preparatory) 18-9. 75 
18 days, no choline 19-3 6-3 2-3 

Choline 4-0 6-0 2-5 
27 days, no choline 17-9 4-5 2-4 
Choline 2:2 38 3-0 
41 days, no choline 17-1 5-2 2-6 
Choline 1-3 1-2 31 


__ It is clearly demonstrated that in 18 days choline has caused a decided 


decrease in the glyceride fraction which falls to even lower levels in 27 and 
41 days. It is interesting to note that both with and without choline there 
is a gradual fall in the cholesteryl esters up to the twenty-seventh day, 
but that by the forty-first day the ester fraction in the choline series is 
significantly less than in the group which did not receive choline. 

In three preliminary experiments similar to that described above, but 
in which the experimental period was only 12 days, choline produced in 
each case a very rapid fall in the glyceride fraction but little or no change 
in cholesteryl esters. There was no decrease in the glyceride fraction in 
the control groups which did not receive choline. 

It has, therefore, been established that when rats with fatty livers 
produced by feeding cholesterol are placed on a diet low in choline and 
apparently free from other factors which cause a decrease in liver fat, 


- that the addition of choline to the diet causes a very rapid and extensive 


fall in the glyceride fraction and a delayed fall in cholesteryl esters. These 
results support the suggestion made by Best, Channon and Ridout 
that choline acts primarily on the glyceride fraction of liver lipoids. 
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Conduction in the spinal cord. By DonaLp H. Barron and 
| Bryan H. C, Marruews. 


In two previous communications [1934a, 19346] we have described 
the intermittent conduction of nerve impulse discharges through what 
appears to be a single fibre path in the spinal cord, and show there is no 
reason to suppose this path is interrupted by asynapse. These discharges 
enter the cord as a continuous series of impulses, and leave it as an inter- 
mittent series; conduction while it occurs takes place impulse for impulse 
with no more delay than can be ascribed to conduction time. The factors 
which influence the rhythm and duration of intermittent block are many, 
and are those which may be expected to alter the states of excitation in 
the grey matter of the cord, e.g. head movements, limb movements, 
pressure, section of the cord, anesthetics, etc. The frequency of the im- 
pulses of a discharge made intermittent by any of the above appears to 
have little or no effect on the degree of intermittence (the ratio of blocked 
intervals to conducting intervals). 

If the posterior columns are stimulated rhythmically, after section of 
the cord and anterior roots in a decerebrate cat, the impulses emerge from 
the cord intermittently in any single fibre; this can be observed by partial 
section of any outgoing nerve just above the recording electrodes. 

We have also observed the impulses conducted from the periphery 
up the posterior columns in single fibres by sectioning about 95 p.c. of 
the twigs of each lumbar root and leading off from the posterior columns 


in the region of LI with a 30y diameter silver wire and diffuse earth lead © 


close to it. In this way what appear to be single fibre discharges can 
be recorded from the posterior columns from stretch of muscles, joint 
movement, and pressure, and in many preparations impulses from hair 
movement. They are exactly like similar sensory discharges recorded 
peripherally except for the fact that they are often intermittent. 

A preliminary examination by the above method of relayed fibres in 
the spino-cerebellar tract shows these to carry discharges not exceeding 
a frequency of 70 per sec. in a single fibre of the tract, the frequency 
depends on the mechanical stimulation of an area in one hind limb, and 
can often be lowered by simultaneous like stimulation of the other limb. 
These discharges are also sometimes intermittent. _ 

We have found similar intermittent conduction in the posterior 
columns of the frog; thus this phenomenon occurring in both the cat 
and frog in various single fibre pathways appears to be a fundamental 
property of central conduction. The intermittence is not normally in 
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in central pathways. 
along it to block it by electrotonus, and this electrotonic block may extend e 
up it to A and there block conduction up the main fibre. c 
Our results show that inhibition of conduction may occur commonly = 


_ are blocked. Moreover, they give direct evidence that what passes up the 
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phase in any two fibres examined simultaneously and so will not be 
apparent in the statistical aggregate of a multi-fibre discharge. 

To what mechanism can this behaviour be ascribed? The central 
fibres differ from peripheral fibres in having no neurilemma and giving off 
collaterals to the grey matter. The collaterals appear to be responsible 
for intermittence because undercutting the posterior columns abolishes 
it in emergent sensory discharges. 

How then could a collateral block conduction in its fibre? The diagram 
below illustrates the hypothesis we suggest to account for our observa- 


tions. The collateral is supposed to be surrounded by the fluctuating : 
potentials of nerve cells, these may produce a sufficient potential gradient ¥ 
: Ascending posterior columns. From periphery 
Intermittent series of impulses. Continuous series of impulses. 


Diagram to illustrate hypothetical mechanism of intermittent conduction 


in the central nervous system at points distant from a synapse, and 
without the intervention of a synapse in the path in which the impulses 


fibres of the spinal cord is far from being a simple sensory discharge H 
from peripheral receptors, and that even in the posterior columns the 
messages are integrated to some extent inasmuch as the impulses passing 
up any single fibre may be modified by changes not pestis the receptor 
from which they come. 
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The strength-duration curve for constant electrotonic potential 
in nerve. By D. T. Harris and H. Rosenpere. 


It has generally been accepted without demonstrable proof that the 
development of polarization constitutes the first step in the initiation of 
the excitatory process in nerve. Cremer [1932] especially assumed that 
for threshold excitation the same degree of polarization has to be reached 
under the cathode when the nerve is stimulated by currents of various 
strengths and durations. Lately it has been experimentally proved 
[Bogue and Rosenberg, 1934; Schmitz and Schaefer, 1934] that 
when a threshold stimulus (constant current) is applied, the action po- 
tential only begins to appear after the attainment of the full height of the 
electrotonic potential at the cathode. In earlier experiments [Rosen- 
berg, 1931] it was shown that, comparing threshold stimulations by two 
different condenser discharges, the electrotonic potential at the cathode 
was the same. Recently Hill [1935], relying on the actual rate of electro- 
tonic rise, derived a comparatively simple relation between stimulation 
by condenser discharges and excitation of nerve, which fitted perfectly 
the observed strength-duration curve. The purpose of the present ex- 
periments was to determine whether the polarization generated in nerve 
followed a similar law. 

It is possible to measure the polarization during the flow of the cur- 
rent by observing the height of the electrotonic potential between the 
stimulating pole and a distant point on the nerve. If we take a constant 
height of electrotonic potential as an index of constant polarization, we 
can, without excitation, work out a strength-duration curve for constant 
electrotonic response to sub-threshold currents. 

Repetitive condenser discharges of sub-threshold strength were de- 
livered to the nerve [Hill, 1934], always adjusting voltage and discharge 
time to give a constant height of electrotonic potential. In order to 
measure these small potentials with sufficient accuracy a D.C. amplifier is 
necessary which possesses absolute steadiness of the base line and con- 
stancy of amplification. In our experience the only amplifier to meet these 
requirements was a series of units, each consisting of a balanced bridge 
amplifier [Harris, 1932], coupled in cascade to give 50 mm. deflection 
on the sereen of a cathode-ray tube for inputs far below the excitation 
threshold. Readings could be taken with great exactitude because the 
time base, operated by a commutator on the same shaft as the 
stimulating current, resulted in a standing wave of electrotonic 
potential. 
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The results, when plotted on a double logarithmic scale, show a 
striking resemblance to the strength-duration curve for excitation of 
nerve and fit Hill’s theoretical curve between discharge times of 1 psec. 
to 2 msec. Longer discharges, however, deviate slightly. The value of k 
(in Hill's formula) deduced from our curves is of the order of 170sec. 
for a nerve at 16—18° C. and is considerably lower than the corresponding 
time factor in excitation; this discrepancy is now being investigated. 
Calcium ions and potassium ions (in certain concentrations) shift the 
curves in opposite directions. Hungarian frogs were used in these 
experiments. 

_ When the threshold is reached by increasing the voltage, the action 
potential appears (i) for the case of slow discharges on the top of the 
curve of electrotonic potential, and (ii) for the case of rapid discharges 
more or less late on the falling arm. If we assume that excitation occurs 
at the summit, then the interval between the peak in (ii) and the 
appearance of the action potential would give the duration of the latent 


period. 


The action of constant current pulses and of sisting jereiadn can 


be investigated by the same method. 
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_ Effect of potassium chloride on a sympathetic ganglion. 
By G. L. Brown and W. Fretppera. 


(1) Feldberg and Vartiainen [1934] have shown that injection of 


small amounts of KCl into the Locke solution perfusing the superior — 


cervical ganglion of the cat stimulates the ganglion, and that the injection 
of sub-stimulant doses increases the effect of a series of sub-maximal 
preganglionic stimuli. We have analysed this potentiating effect and 
find that sub-stimulant doses of KCl (0-1 mg. in 0-1 ¢.c.) produce a 
transient augmentation of the response of the perfused ganglion to a 
single sub-maximal volley set up in the preganglionic fibres. This 
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augmentation is most easily demonstrable in the isometric myogram of 
the nictitating membrane, where increases up to 100 p.c. in the tension 
developed may occur. The action potential of the ganglion, as recorded by 
an amplifier and Matthews’ oscillograph, shows an increase up to 25 p.c. 
in the “spike” produced by a single sub-maximal preganglionic volley. 
No definite alteration in the refractory period of the ganglion has been 
found. Changes in the facilitation between two volleys have not been 
regular, and we cannot yet interpret such as have been recorded. With 
maximal preganglionic volleys KCl has no potentiating effect. It appears 
that the action of KC] is to increase the number of ganglion cells excited 
by @ given preganglionic stimulus. A slight increase in the KCl concen- 
tration, beyond that required to give potentiation, produces severe 
depression of the ganglionic action potential. 

(2) Feldberg and Gaddum [1934] have shown that an Satis 
travelling in the cervical sympathetic liberates acetylcholine (ac.) in the 
superior cervical ganglion. It may be supposed that the changes con- 


cerned in the propagation of the impulse are also responsible for the 


liberation of ac. at the preganglionic terminals. Since there is much 
discussion of the mobilization of K ions as an important factor in the 
propagation of the impulse, we have examined the ganglionic effluent for 
ac. Bezn&k [1934] has recently stated that KCl causes liberation of ac. 
in the frog’s heart. 

Detectable amounts of ac. appear in the venous outflow from the 
ganglion when the KCl concentration of the perfusion fluid is raised to 
four times the normal. The amount liberated increases as higher con- 
centrations of KCl are given, until, after an injection of 2-5 mg. KCI in 
0-5 c.c. fluid, the next 1 c.c. of venous fluid contains 0-02y to 0-ly ac. No 
such effect is observed after injection of equal amounts of CaCl,. Repeti- 
tion of the injection of KCl leads to a gradual diminution of the output, 
until a stage is reached in which the injection causes neither contraction 
of the nictitating membrane nor liberation of ac. In a ganglion so para- 
lysed, preganglionic stimulation is likewise ineffective in producing either 
contraction of the nictitating membrane or discharge of ac. The KCl 
paralysis is readily reversible by perfusion with normal Locke, liberation 
of ac. returning before complete transmission of preganglionic impulses 
is re-established. 

In a number of animals we have divided the cervical sympathetic and 
allowed degeneration to proceed for five weeks. Injection of KCl in large 
doses irito the fluid perfusing a denervated ganglion liberates either no 
AC. or only just detectable amounts (0-0015-0-001y). The injection, how- 
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ever, still causes a contraction of the nictitating membrane, showing that 


KCl, in addition to liberating ac. at the nerve terminals of a normal 
ganglion, has a direct stimulant action on the ganglion cells, as well as a 
paralytic action in larger doses. 
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Action potentials from the eighth cranial nerve of the frog. 
By D. A. Ross. PLD 


The frog’s eighth nerve divides, as it leaves the cranial cavity, into 
two branches: an anterior (which supplies the end organs of the horizontal 
canal, anterior vertical canal, sacculus and utriculus) and a posterior 
(supplying those of the lagena, pars basilaris, pars neglecta and posterior 
_ vertical canal). By splitting up the intracranial portions of this nerve 

into very slender filaments, it has been possible to obtain oscillographic 
records of the action potentials occurring in response to rotatory, tilting 
and vibrational stimuli; and under favourable conditions it is possible 
to continue the process of subdivision until only one or two sensory units 
are in functional connection with the oscillograph. Records obtained 


Fig. 1. Record showing the action potentials obtained from the anterior ramus of the 

frog’s right auditory nerve in response to rotation about a dorsoventral axis. The 

_ movement is signalled by the white line in the dark background. 1 cm. upward dis- 

placement of this line represents a rotation of the frog through 123 degrees to its 

right. Note that the response occurs to rotation in one direction only. The receptor 
concerned is almost certainly the horizontal canal. 


from such preparations show that there are in the ear of the frog at least 
some end organs of the slowly adapting type, which may fire off impulses 
for some little time even in the absence of all apparent movement of the 
head. Responses of brief duration are also (and, incidentally, more 
frequently) observed, but in such cases it is not yet clear whether the 
decline in frequency is due to rapid adaptation or to a falling off in the 
intensity of the mechanical stimulus. | 
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In addition to the aboye, the following facts have been clearly 
demonstrated : 

(a) Responses to mechanical vibration can be obtained from both the 
anterior and the posterior branches of the nerve. 

(6) “Gravity” receptors are supplied by both anterior and posterior 
branches. 

Evidence has also been obtained which strongly suggests that the 

‘‘gravity’’ and the vibrational responses obtained from the posterior 

branch arise in separate end organs, and that neither of these responses 
is due to the posterior vertical canal. In this event they must originate 
in the hitherto rather obscure group of organs ere the lagena, the 
pars basilaris and the pars neglecta. 


Effect of estrone on the primate prostate. By A. 8S. Parkes and 
S. ZUCKERMAN (Beit Memorial Research Fellow). 


Lacassagne [1933], Burrows [1934a], and Burrows and Kenn- 
away [1934] have shown that cstrin, through metaplasia of the glan- 
dular epithelium, induces sufficient enlargement of the dorsal lobes of the 
prostate (coagulating glands) to cause retention of urine in intact mice. 
In the castrated rat, the seminal vesicles, and to a lesser extent the 


_ prostate, increase in weight as a result of cestrin injections [Freud, 


1933; David, Freud and de Jongh, 1934; Korenchevsky and 
Dennison, 1934]. The problem has been closely considered by Freud, 
who concludes that while cestrin occasions fibro-muscular growth of the 
reproductive organs in both sexes, male hormone is responsible for 
epithelial growth in the seminal vesicles. The following observations on 
monkeys throw light on the biological issues involved, and indicate the 
significance of the above-cited findings on rats and mice to the problem 
of prostatic enlargement in man. 

Five immature rhesus monkeys (3500-5000 g.), and one immature 
Guinea baboon, were injected with 6-30 mg. oestrone over a period of 
6 days. The control group comprised four animals of equivalent age, as 
well as material from diverse other monkeys. The prostates of the in- 
jected animals were not larger than the normal, but showed a considerable 
increase of fibrous relative to glandular tissue, which was much reduced. 
There were no marked changes in the prostatic epithelium, except in that 
of the utriculus masculinus, which had proliferated greatly. Similar 
fibro-muscular, but no epithelial, changes were also evident in the 
seminal vesicles. No obvious changes were found in other organs. | 
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The only epithelial effect in the male monkey comparable to that in 
the male mouse is the change in the utriculus masculinus, a structure 
develops which from the terminal part of the Miillerian ducts. This finding 
may tentatively be taken to support the recently advanced view that the 
dorsal lobes of the mouse’s prostate also develop from the Miillerian ducts 
[Burrows, 19346]. According to currently accepted evidence, the pro- 
static utricle is not primarily involved in pathological prostatic enlarge- 
ment, Consequently it may also be inferred that this condition in man 
bears no direct relation to that experimentally induced in small rodents. 
Our data indicate that while osttin may exercise an hypertrophic effect 
in both sexes on structures developed from the mesodermal tissue of the 
genital cord, it has no obvious direct effect in monkeys on any pelvic 
epithelial tissues, except such as develop from the Miillerian ducts. 
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Action of guanidine salts on the vago-cardiac inhibitory 
mechanism. By D. Burns and J. Szcxer. 


Burns and Watson [1918, 1920] concluded from experiments on 
frogs, rabbits, cats and dogs, that the administration of guanidine salts 
in doses of 50 mg./kg. and over interferes with vagal inhibition of the 
heart. They determined the minimal effective vagal stimulus before in- 
toxication; and showed that this stimulus was ineffective after intoxica- 
tion. They further showed that an injection of a large dose of calcium 
lactate “restored the inhibitory mechanism to normal”. Stoland and 
Potter [1928] and Potter and Stoland [1931] stimulated the peri- 
pheral end of the cut left vagus in dogs before and after injection of doses 
of methyl-guanidine sulphate (25-100 mg./kg.). They standardized a 
strength of stimulus which gave “a moderate reduction of blood-pressure ”’, 
and applied this stimulus once a minute for about 15 min. They conclude 
that the inhibitory action of methyl guanidine is transitory and that it 
was “this quick, spontaneous recovery which” Burns and Watson 
“attributed to the effect of calcium”. Similar results were obtained by 
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these workers on frogs and turtles. The composite curve in their paper 
[1931] shows only a partial recovery of the vago-cardiac inhibitory 
ES In repeating these experiments, using Potter and Stoland’s 
_ technique, but continuing to use guanidine salts, and stimulating the 
vagus for 10 sec. once a minute for an hour or more, it was found that: 
: (1) A dose of neutral guanidine lactate (containing from 10 to 120 mg. 
__ of the base per kg.) invariably is followed by a decrease in the sensi- 
| __ tivity of the vago-cardiac inhibitory mechanism. 
3 (2) The reduction of sensitivity generally occurs at once with the 

larger doses and later with the smaller doses. 
x (3) The lack of sensitivity may be permanent or temporary. _ 
= (4) The size of the dose does not govern the permanency of the 
inhibition. 

(5) Where temporary sensitivity results, the return towards normal _ 
___ generally occurs as the blood-pressure begins to drop towards the pre- wis | 
injection level. 3 
Pe (6) After temporary restoration of sensitivity a secondary decrease in 
sensitivity takes place which lasts for the duration of the experiment. 

(7) Calcium salts, if given in massive doses, cause a temporary return 
to normal sensitivity in most instances. This action of calcium is clear 
and cannot be confused with spontaneous vagal recovery. 
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Body heat loss by radiation and convection in relation 
to room temperature. By T. Brprorp. 


Houghten e¢ al. [1931] measured the thermal exchanges between ' 
men and the environment for clothed working subjects who, by raising a 
and lowering a weight over a pulley, did external work at the rate of a 
4578 kg. per hour. The total rate of heat loss was calculated from meta- a 
bolism, weight, and body temperature data. The heat loss by evapora- i 
tion was computed from the weight loss determinations, and the com- . 
bined heat loss by radiation and convection was taken as the total heat _ 
loss minus the loss by evaporation. 7 
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During a recent investigation of the thermal comfort of factory 
workers, made in collaboration with C. G. Warner, estimates have been 
made of the mean surface temperatures of the clothed bodies of over 
3000 persons performing light work in factories. The estimates were 
made from radiation measurements, and have been related to the tem- 
perature of the environment. With a mean air velocity of about 30 ft. 
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Heat loss by radiation and convection (cals./metre*/hr.) 
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Rate of heat loss by radiation and convection in relation to room temperature. 
A. Houghten et al., 20 p.c. humidity. B. Houghten et al., 95 p.c. humidity. 
C. Present observations. 
per min. (0-15 m. per sec.) the mean body surface temperature rises, on 
the average, 0-73° for a rise of 1° in the temperature of the enclosure. 
From these observations, and using an equation for the rate of heat loss 
from a blackened cylinder put forward by Bedford and Warner [1934], 
it is possible to estimate the rates of heat loss by radiation and convection 
at different room temperatures. Such values have been calculated and 
are plotted in the diagram, together with the data of Houghten and 
his colleagues. Houghten’s curves are given for relative humidities of 
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20 and 95 p.c. In the new observations the relative humidity ranged 
from 30 to 75 p.c., and averaged 47 p.c. 

The estimates made from observations of surface temperature cor- 
respond very well with those calculated by Houghten from measure- 
ments of heat production and evaporative loss. 

The relation of comfort to the thermal environment will be discussed 
in another publication. 
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A depressor substance in the vesicular gland. By U. 8S. v. Euuer. 
(Introduced by H. H. Date.) 


In the continuation of a study of a depressor substance present in 
extracts of small intestine and brain (substance P) as described by 
Euler and Gaddum [1931] and further investigated by Gaddum and 
Schild [1934], a strong depressor action was observed for extracts from 
the vesicular and prostate glands of man and certain animals (Euler, 
1934]. Similar effects were produced, in certain cases, by purified secre- 
tion products from these glands, in agreement with observations inde- 
pendently made by Goldblatt [1933] using human seminal fluid. 

Recent experiments with alcoholic watery extracts of the vesicular 
gland of the monkey (Macacus rhesus) have shown the presence of a 
depressor principle of astonishing power in these extracts. An amount 
of extract corresponding to 10-20 mg. of the fresh organ consistently 
lowered the blood-pressure of the urethanized and atropinized rabbit or 
cat by about 50 p.c. (Fig. 1). As shown by the figure, the effect is of 
comparatively long persistence. While amounts of prostate extracts or 
secretion from the seminal vesicle of man, exerting the same activity on 
the blood-pressure, regularly showed a strong action on the isolated 
intestine and uterus of rabbit, rat, and guinea-pig, the extract of the 
vesicular gland of the monkey had no, or only a very slight, effect on these 
test preparations (volume of bath 30.c.). For the sake of convenience 
this depressor principle is referred to as “vesiglandin”’. 

The active principle is soluble in absolute alcohol, is dialysable through 
cellophane, and is destroyed by heating’at 100° C. for 1 min. in normal 
alkaline solution. Heating in normal acid for 1 min. at 100° C. leaves 
about 25 p.c. of the activity left, while 5 min. treatment is sufficient to 
destroy the action completely. In all these respects, as well as in general 
appearance, this depressor action closely corresponds to the action of the 


_ seminal vesicle secretion of man. Neither the latter depressor principle 
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nor the “vesiglandin” seems to be identical with substance P for the 
following reasons: (1) the “ vesiglandin” has very much less action on the 
isolated rabbit’s intestine than substance P, in doses which are more 
highly active on the blood-pressure; (2) the seminal vesicle preparation of 
man is considerably more active on the blood-pressure than substance P, 
when doses of the same activity on the isolated intestine or uterus are 
compared; (3) the activity of substance P on the blood-pressure is less 
readily destroyed by heating in acid solution than that of the other 


Je 


Fig. 1. Blood-pressure, rabbit, urethane, atropine, A, extract of 20 mg. monkey’s vesicular 
gland intravenous. B, four times the dose in A, treated with N NaOH at 100° C. for 
1 min. and neutralized. C, same dose treated 5 min. with N H,SO,. 


substances (or substance). It seems possible, however, that the action of 
the seminal vesicle secretion of man (or semen) is due partly to the 
presence of the depressor principle described above (“‘vesiglandin”’), and 
partly to substance P. The presence of yet another substance acting on 
the guinea-pig’s intestine and uterus (apart from histamine) is indicated 
by experiments in which seminal vesicle secretion and substance P have 
been compared on the rabbit’s intestine and the virgin uterus and 


intestine of the guinea-pig. 
A full account of the experiments will be published in Skand. Arch. 
Physvol. (1935). 


v. Euler, U. 8, (1934). Arch. exp. Path. Pharmak. 175, 78. 
v. Euler, U. 8. and Gaddum, J. H. (1931). J. Physiol. 72, 74. 
Gaddum, J. H. and Schild, H. (1934). Ibid. 88, 1. 


Goldblatt, M. W. (1933). Chemistry and Industry, 52, 1056. 
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— device for the Haldane gas analysis apparatus. 
By H. Barcrort. 


This device prevents accidental displacement of the mercury into the 
potash or pyro and vice versa while the gases are being absorbed. While its 
nature and use are both very simple it is not designed 
for the expert, to him the advantage of preventing 
accidents will be outweighed by slightly slower ana- 
lyses. It may be useful at high altitudes where 
delicate manipulations are better avoided, and to 
those who use the apparatus only occasionally in 
research or class work. 

The device may be fitted to any ordinary 10c.c. 
capacity Haldane. If there is no mark at 6c.c., on 
the bulb of the gas burette, then this must be added. 

The device itself is shown in Fig. 1. The mercury ‘ 
reservoir A is of the usual size but fitted with a glass 
tap B. This tap has a spring and key to prevent it 
coming out. Between the mercury reservoir A and B 
the pressure tubing of the apparatus £ is a piece of 
ordinary black rubber tubing C. This tubing, one of . 
the standard sizes, is 9mm. internal diameter andhas _ 
walls 2-2 mm. thick. It should be long enough to 
allow 6 cm. of free tubing between the glass at the | 
bottom of the mercury reservoir A and the glass of C 
the connecting piece D. Tubing C is covered with a 
single spirally wound layer of insulating tape the 
turns of which just overlap. The glass connecting 
piece D has a wide end for tubing C and a narrow 
end for the pressure tubing E. The pressure tubing £, D 
attached to the gas burette of the Haldane, should 
be long enough to allow the tap B of the mercury E 
reservoir to be raised 12-14 in. above the lower end of 
the gas burette bulb. Fig. 1. 

A Haldane fitted with this device is used in the following way: 

(1) Except while mixing the gases with potash or pyro the tap B is 
kept open and the apparatus used in the ordinary way. 

(2) As is usual the apparatus must be filled with enough gas to make 
certain that after absorption of CO, and O, the readings come on the 
graduated stem of the gas burette. 
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_ (3) Before mixing the gases with potash or pyro: 
(a) Bring the level of the mercury in the gas burette to the 6 c.c. 
mark on the gas burette bulb. 
(b) Close the mercury reservoir tap B. 
(4) Mix as usual by raising and lowering the mercury reservoir. 
When the reservoir is raised the rubber tubing C collapses and a 
quantity of mercury escapes which is just sufficient to fill the bulb of 
the gas burette to the top and no more. 


When the reservoir is lowered the mercury runs back into the tubing 


C, it cannot over-distend it because of the covering of insulated tape and 
_ only allows the level in the gas burette to fall to the bottom of the bulb 
and no further. 

Alternatively, after operations (1), (2) and (3) mixing may be done 
by hanging up the mercury reservoir and squeezing the tubing C. 


(5) After mixing: 


(a)’ Hold the mercury reservoir A so that its mercury level is at the 


same height as the bottom of the bulb on the gas burette. 
(6) Open the mercury reservoir tap B. 

(6) Proceed in the ordinary way. 

If the exact size of rabber tubing recommended for C is not procurable 
similar tubing may be used. The right length is best found by fitting a 
piece covered with insulated tape, opening the tap of the gas burette to 
the air, carrying out procedures (3) and (4) above and then change the 
length of tubing so as to confine the excursions of the mercury to the gas 
— bulb. 


Capacity effects from the carotid sinus. 
By R. J. 8. McDowatt. 


It has been generally assumed that the chief function of the carotid 
sinus mechanism is the prevention of wide fluctuations of blood-pressure. 


Actually, in exercise, it can be demonstrated that blood-pressure may — 


rise very appreciably, and that the mechanism during such circumstances 
is superseded. It can, however, be shown that if the sinus is stimulated 
there is a profound fall, not only of arterial, but also of venous pressure, 
which again rises if the carotid sinus pressure is lowered. In view of the 
fact that vagus restraint of the heart has already been related to the 
cardiac output per beat, it is suggested that these capacity effects are 
possibly the most important function of the camped sinus. 
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An improved method for recording photographically cathode- 
ray oscillograms. By F. W. Cuapman. 


For the study of action potential and other rapidly varying electrical 
events, cathode-ray oscillographs suffer from certain inherent limitations 


rendering it almost essential to use film travelling at a relatively high 


speed. This leads to several disadvantages, ¢.g. (1) amount of film 
required with corresponding high cost, (2) objection to developing great 
lengths of film, (3) difficulty of obtaining records of events occurring at 
irregular intervals without expenditure of much material. These defects 
have been eliminated; the apparatus now described has been in use for 
over two years and is in every way satisfactory. 


GENERAL OIRCUIT. 
The general scheme of electrical connection is shown in Fig. 1, 


details of the time base, camera relay and other circuits being omitted 


for the sake of clarity. Some of these are outlined below. 


_ 


Fig. 1. input from electrodes; A, O, cathode- 
ray oscillograph; R, to thyratron camera shutter relay; S, to “time base” calibrating 
caaiiiatae’ 7’, to “time base”; R,, 1-0 megohm resistance; C, 2-0 microfarad condenser. 


Cathode-ray oscillograph and associated circuits. For electromotive 
forces varying in wave-form at very high and very low rates, valve 
amplification has certain disadvantages; the amplifier adopted is a 
modification of the conventional resistance capacity coupled design. 
Tests showed that distortionless amplification is obtained for all rates of 
change of potential that can be recorded photographically. 

By using a “sealed-off” type of oscillograph the‘voltage wave-form is 
visible on the screen at the same time that it is being photographed 
automatically on a stationary film. The calibration of the time base to 
any particular duration is best effected by the application of a known 
sinusoidal voltage, obtained from a valve oscillator of desired frequency, 
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to the vertical plates. The duration of the time stroke was varied from 
10-1 to 10~* sec., the former to provide conditions suitable for recording 
and examining groups of electrical pulses, the latter to provide fine 
delineation of the structure of the wave-form. 

Attempts were at first made to obtain records on a stationary plate 
by leaving the camera open. Owing to the cumulative fogging action of 
the background fluorescence on the screen, this method, even when 
controlled by using a single time stroke and an electron beam trap, was 
unsatisfactory. The method now described utilizes the special cathode- 
ray oscillograph (Cossor type E) which gives a red fluorescent trace of 
long afterglow. Thus a delayed image of the wave-form is obtained of 
sufficient duration and intensity to be photographed on a stationary 
hypersensitive panchromatic film exposed as described above. The small 
fraction of the amplified voltage used to actuate the camera relay pro- 
duces no apparent distortion of the wave-form. A valve phase change 
device ensures that the shutter shall be tripped by both positive and 
negative initial pulses, The exposure made, the film is moved on either 
by hand or automatically in readiness for the next record. 

_ To obtain high photographic sensitivity a lens of N.A. f/0-99 is used. 
The correct exposure to avoid fogging from background fluorescence for 
a oscillograph operating”at an accelerating voltage of 2000 volts is 
1/10 sec. 

With the special Cossor oscillograph and the method of photographic 
registration described, the photographic trace can just be recognized - 
when the fluorescent spot moves at 10¢ cm, per sec. over the screen. 


Fig. 2 


Fig. 3. 


Fig. 2 is a record, natural size, of a weitunina discharge on a time 
base of one millisecond. Fig. 3 is the action potential with time scale 
(3000 cycles per sec.) in a motor nerve (frog). 
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A modification of Rehberg’s microtitration apparatus. 
By Dovetas H. K. Leg. 


The apparatus is a modification of that described by Rehberg [1925] 
in which liquid from a microburette of 0-1 c.c. total range was progressively 
expelled by means of a screw which dipped into a mercury column (a 
principle used in Krogh’s microtonometer). 

It was found when using this apparatus that if the screw actuated the 
mercury directly, the mercury tended to escape past the thread, while 
the insertion of a rubber membrane between screw and mercury imparted 
to the latter oscillatory movements which rendered exact titration 


The apparatus now illustrated can be made in a few moments from 


ordinary laboratory apparatus. A suitably graduated pipette of 0-1 0.0. 
or other convenient capacity, such as is used commonly for blood analysis, 


& 


is placed upright and connected at its lower end by rigidly supported 
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glass tubing with the jet of a wide tube (e.g. a burette) fitted with a two- 
way tap. Into this wide tube the mercury is allowed to discharge from a 
suitable dropping funnel. It is evident that by selection of burette 
diameter and of the calibre of the reservoir jet the rate and delicacy of 
titration can be completely controlled. 


REFERENCE. 
Rehberg, P. B. (1925). Biochem. J, 19, 270. 


The effect of breathing CO, on the resting blood lactate level. 
By F. Grawpz and D. H. K. Ler. 


Long [1924] demonstrated a fall of blood lactate in the resting subject 
when breathing high percentages (8-11 p.c.) of CO,. It is, however, 
admittedly difficult appreciably to raise the hydrogen-ion concentration 
of the blood by the inhalation of mixtures containing respirable amounts 
of CO,. Moreover, the view then current regarding the origin of resting 
blood lactate from muscle being open to doubt, we repeated these experi- 
ments with lower percentages of CO, (2-5-7-0 p.c.). Lactic acid was 
estimated by the method of Friedemann, Cotonio and Shaffer 
[1927] on samples of 2c.c. A similar fall was obtained, but this was often 
greater in the first than in the second 15 min. period. In a second group 
we extended the observations to include periods following the breathing 
of the mixtures. The initial fall in these subjects was less than in the 
first group, even though higher strengths of CO, were used. No rise of 
lactate occurred during the recovery period, although estimations have 
shown that the excess CO, is completely eliminated after 15 min. In a 
third group air alone was breathed, and falls of lactate occurred during 
the observation which were at least equal to those obtained with CO 

breathing. 

It appears, therefore, that a spontaneous fall in blood lactate may 
occur in the resting subject even when the usual conditions for obtaining 
the basal state are observed (i.e. abstinence from food and drink for 
12 hours and from exercise since rising other than that of gentle walking 
to the laboratory, and recumbency for half an hour or more). In our 
experiments the breathing of CO, appeared to have no effect upon the 
blood lactate level. The fall in Long’s subjects may have been of similar 
origin to that seen in ours, especially as his preliminary conditions of 
rest appear to have been less rigorous than ours. 
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It is difficult to reconcile these results with the amply-confirmed ones 


of Anrep and Cannan [1923] upon the heart-lung preparation, but in 


view of the increasing evidence that the blood lactate level represents a 
balance between the rate of formation by glycolysis in blood and lungs 
on the one hand and constant removal by liver, heart and resting or 
lightly exercised muscle on the other hand, it would seem not improbable 
that an important factor may be the minute output of the heart, This, on 
the one hand, being smallest in prolonged rest, would entail a reduced 
rate of glycolytic formation of lactate in the lungs, while during the 
breathing of CO,, on the other, would increase the lactate obtained from 
the lungs and offset any reduction in glycolysis by the lowered pH. In 
the converse case of overbreathing of air, which has been shown by 
Cook and Hurst [1933] to raise blood lactate, the increased pH of the 
blood and the increased minute volume — work in the same 
direction. 

We wish to thank Dr A. G. Mulder for help in the analyses made upon the third 


(control) group. 
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The distribution of blood sugar. By F. Granpz and F. Y. Hsv.. 


Defibrinated blood was found by Cruickshank and Startup [1932] 
to suffer a progressive loss of corpuscular sugar. They attributed a great 
part of the loss to oxidation in the corpuscles. A similar conclusion was 
drawn by Andreen-Svedberg [1933], who considered that blood 
glycolysis in vitro did not affect the distribution ratio. 

One of the most conspicuous differences between defibrinated blood 
and blood in vivo being the CO, content, it was thought that any change 
in the CO, tension, and therefore the pH, of the blood might be respon- 
sible for some change in sugar distribution. Blood and plasma (or serum) 
sugar was estimated by Shaffer and Somogyi’s method [1933] 
following deproteinization by Somogyi’s copper method [1931]; distri- 
bution was calculated from the hematocrite value, and blood CO, by 
van Slyke’s method. 

When anesthetized dogs were subjected to various conditions of 
ventilation a shift of C/Pl ratio occurred, more sugar being present in the 
cells when the blood contained more CO,. 
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For better control, the experiments were extended to defibrinated or 
heparinized blood in vitro. Blood samples were equilibrated with pure 
air or 4-10 p.c. CO, in “tonometers” at 37° C., and the distribution esti- 
mated, generally at hourly intervals. The results showed that in addition 
to alteration in the rate of disappearance of total blood sugar the relative 
concentration of sugar in the cells and plasma (or serum) was also altered, 


so that in the blood equilibrated with CO, mixtures the resultant C/P] — 


ratio was higher than in that equilibrated with air. If glycolysis was 
checked by treating the blood with fluoride or iodoacetate, however, the 
corpuscular sugar gradually increased again to a value slightly higher 
than that observed normally in freshly drawn blood. It was thought, 
therefore, that the decrease of corpuscular sugar when the CO, was 
lowered was due to the acceleration of the glycolysis which is known to 
take place in the cells. But since the resultant corpuscular sugar was 
greater than the original value minus that due to the total blood glyco- 
lysis, a migration of sugar from the serum to the cells must have taken 
place. Based on this conception, calculation can be made of the rate of 
such migration. It showed that, unlike glycolysis, the rate of migration 
bore no relation to the CO, content in the gas phase, and was not in- 
hibited by fluoride or iodoacetate. It is clear, therefore, that although 
the sugar migration must be considered to be brought about in conse- 
quence of the loss of sugar through glycolysis, the two processes are 
independent. 

It is suggested that the fluctuation in sugar distribution between 
- corpuscle and plasma in vitro is due to this discrepancy between the rates 
of sugar loss and uptake by the corpuscles; similarly, the phenomenon 
is probably one of the causes of alterations in the distribution ratio in 
blood «m vivo, as described above. It would seem possible, however, that 
there are other factors at work im vivo, either checking the rate of 
intracorpuscular glycolysis or accelerating the uptake of sugars. As 
fluoride or iodoacetate checks glycolysis but not the sugar uptake of the 
cells, it would seem that any delay in the estimations is likely to alter 
the distribution ratio which obtained at the moment of sampling, e even 
though glycolysis be completely stopped. 
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relative energy expenditure in muscular exercises 
performed in air and in water. By G. P. Crowpen. 


The subject of the experiments recorded below was an Italian, 
Mr T. R. Togna, who had devised a system of muscular exercises which — _ 
could be carried out in an ordinary bath, with the body submerged in P 
water up to the neck. He claimed for these exercises that they involved 
very little exertion. Having regard to the fact that graded exercises in : 
water often form the routine treatment of stiffened joints and muscles 
- in cases of chronic rheumatism in hydro-therapeutic institutions, and 
that although initial benefit may be derived relapses are common after the 
b patients are discharged, it appeared worth while to investigate the type 
of exercise devised by Mr Togna as it might prove a convenient form of a 
home treatment which would enable the patient to maintain mobility of a 
muscles and joints without undue exertion. a 

Air Water 
Exercise 0.0, 0.0, 


Type I. Arm and leg bending 2178 «1180 5 min. of exercise in water q 
ie 2117 1215 After 10 min. of previous exer- = 


Mean 2147, «1172 

Relative O, cost of Type I exercise 1-83 1 3 a 
Type II. Trunk raising 3080 980 First 5 min, of exercise in water . 
3860 1401 After 20 min. of previous exer- a 


Mean 3470 1190 


Air Water 
Relative 0, cost of Type II exercise 2-91 1 


A preliminary experiment with Mr Togna, as sabes showed that he 
was practically exhausted after a period of 2 min. exercise in air, but in 
water he could carry on the exercise almost indefinitely at the same rate. 
In the above table, which gives the results of experiments carried out 
at the British Red Cross Rheumatism Clinic, the relative increase in 4 
oxygen requirement over the resting level, either in air or in water, is a 
given, and it is seen that with a simple arm or leg bending exercise, the : _— 
increased oxygen requirement per min. of exercise is about twice as great qi 
in air as in water, while in another type of exercise, in which the trunk is 
raised and lowered, the increase in oxygen requirement in water is only 
' one-third of that for the same exercise performed in air. It is thus 
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possible that individuals whose respiratory and cardio-vascular systems 
are not able to stand the strain occasioned by even moderate exercise in 
air may be capable of the same movements of muscles and joints provided 
the buoyancy of water is used to lessen the work done against gravity 
in lifting the limbs and trunk. Regular exercise of muscles and joints is 
essential if mobility is to be maintained by individuals who have suffered 
from rheumatism in some of its forms. 


A water soluble forerunner of choline in the kidneys. 
F. J. Boors and T. H. Mizroy. 


When studying the organic phosphorus distribution in extracts of the 


horse kidney, obtained by thorough extraction of the minced fresh 
material by boiling water to which acetic acid was added, it was observed 
that over 50 p.c. of the organic phosphorus escaped precipitation by 
basic lead acetate plus ammonia. The escape could not be accounted for 
by any of the well-known phosphoric acid esters with adenosine, hexoses 
or glycerol. The method of preparation of this organic phosphorus 
holding body is briefly as follows. The filtrate after removal of Pb is 
concentrated at 37°C. under reduced pressure to dryness, thoroughly 
extracted with alcohol and, after removal of all alcohol precipitable 
material, is precipitated with saturated alcoholic HgCl,. The precipitate 
is extracted with cold water, the Hg removed, the filtrate neutralized to 
litmus and evaporated to dryness under the same conditions as above. 
The residue is extracted with HCl alcohol and re-precipitated with 
HgCl,, alcohol saturated with fused sodium acetate being added. The 
precipitate is now readily soluble in water and on analysis shows a ratio 
of 2N: 1P, half of the nitrogen being in amino form. After removal of 
the mercury by H,S, the excess chloride by Ag,CO,, and then removal of 
the Ag, the solution is evaporated to dryness in vacuo and dried to 
constant weight. The residue appears yellow and resinous with some 
scattered crystals, microscopically identical with NaCl. 

The analysis of one specimen, 04008 g. (after deduction of the 


chloride) gave the following results: 
(3) 
(1) 2 
pce (cal. for CaligN,PO,) 
Total N 29-40 


Amino N 14-90 2-98 2-90 
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These figures suggest a sphingosine phosphoric acid choline ester (3). 
The body is not precipitated by 50p.c. gold chloride. In the HCl 
hydrolysate of the purified substance there is no evidence of fatty acids 
or reducing carbohydrates, but from it a gold salt is readily precipitated 
which resembles the chloroaurate of choline as regards Au content 
(44-44 p.c., theoretical 44-5 p.c.), and M.P., except that the latter is on 
the lower limit for the choline chloroaurate, viz. 233 instead of 252° C. 
The phosphorus is firmly bound, only 70 p.c. being set free after 47 hours’ 
hydrolysis with 1-5 N H,SO, at 100°C. The amount of the body present 
in the kidney can only be given approximately, but we have obtained 
from acid hydrolysis of the purified body from 250 to 300 mg. choline 
chloride per kg. fresh kidney. 

Strack, Neubaur and Geissendérfer [1933] have apparently 
separated a similar body from the liver, ard possibly also from the 
placenta. From their analyses of the body obtained from the liver they 
conclude that it is a water-soluble sphingomyelin. They state that the 
quantity available did not enable them to identify the fatty acids, but 
they conclude that the percentage values of P, total N, amino N and 
choline N correspond to a sphingomyelin of 800 mol. wt. [Thierfelder 
and Klenk, 1930]. They refer to half the nitrogen being in amino form 
(van Slyke determination) although no such nitrogen is present when 
the fatty acid is linked to the sphingosine. Karrer and Salomon [1926] 
refer to a choline salt of glycero-phosphoric acid obtained on baryta 
hydrolysis of lecithin, from which the two fatty acid molecules have been 
removed. 

Physiological action. As the body is soluble in water, its action can be 
readily investigated on the usual choline test objects, eserinized rectus 
abdominis (frog), heart (frog), intestine (rabbit) and blood-pressure (cat). 
The ester itself acts like free choline, and the activity is proportional 
approximately to the choline content. Acetylation of the ester results 
in a product whose activity is only slightly below that of the acetylated 
base obtained after hydrolysis. The acetylated base qualitatively and 
quantitatively behaves exactly like acetyl choline. The action is — 
in all cases by atropinization. 
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The staining of the light- and dark-adapted retine 
By KATHARINE TANSLEY. 


It is generally stated that the retina becomes acid on exposure to 
light, and that this change can be demonstrated by the different staining 
reactions of the light- and dark-adapted retina. Birnbacher [1894] 
found that the cold-blooded retina had a greater affinity for acid dyes 
when dark-adapted than when light-adapted. His results were confirmed 
by. Lodato [1895] and Majima [1925], but Rochat [1904] was unable 
to repeat them on the same material. Dittler [1907] reported that the 


_ dark-adapted retina was alkaline to phenolphthalein, but his result seems 


very doubtful since phenolphthalein only changes colour at pH 9-0, 
which is far outside the normal range in the body. Mori [1921] found 
that glycogen was present in the retine of frogs, rabbits and guinea-pigs 
but not in the cat. He found that in the frog this glycogen decreased 
under the influence of light. Lange and Simon [1922] measured the 
phosphoric-acid content of the retina, and found that it increased under 
the influence of light. They suggested that this might account for the 


in pH. 


Ihave repeated the work of Birnbacher and Majima but have been 


unable to confirm their results. The experiments were done on the light- 


and dark-adapted retinsw of the frog and rat using the same stains and 
fixatives where the latter were given. 

It was found that under certain circumstances the light- and dark- 
adapted retin of both animals do stain differently, but that the results 
do not support the suggestion that the dark-adapted retina has more 
affinity for acid stains and is therefore itself more alkaline. In the frog 
it was found that the light-adapted retina stained more deeply with acid 
stains such as eosin, acid fuchsin, acid violet, etc., after fixation in 
5-0 p.c. nitric acid, but that there was no significant difference in the 
staining reactions after fixation in mercuric chloride. In the rat, however, 
the differences were much less marked after fixation in nitric acid than 


after mercuric chloride. The results of staining with acid dyes in this 


animal seem to indicate that the outer limbs of the rods become less acid 
than the inner limbs during dark-adaptation, whereas the reaction of the 
two segments is much the same in the light. 

The retinge were also stained for glycogen in an endeavour to confirm 
Mori's results. It was found that this substance cannot be demonstrated 
in the rat retina either in light- or dark-adaptation. Glycogen was 
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© found in the frog retina, but light-adaptation had no effect on the amount 


present. 

It seems, therefore, that dark-adaptation does alter the chemical 
composition of the retinal tissues in some way, and that this change can 
be demonstrated by a difference in their reactions to certain stains after 
treatment with some fixatives. It is probable, however, that this altera- 
tion is more complicated than a simple change in pH. 


REFERENCES. 


Birnbacher, T. (1894). Graefes Arch. Ophthalm. 40, 1. 

Dittler (1907). Pfliigers Arch. 120, 44. 

Lange, H. and Simon, M. (1922). Z. phys. Chem. 120, 1. 

Lodato, G. (1895). Arch. Ottalmol. 3, 141. 

Majima, K. (1925). Graefes Arch. Ophthalm. 115, 286. 

Mori, 8. (1921). Nippon Gankakai Zasshi, July. Ref. in Klin. Mbl. Augenheilk. 69, 
159, 1922. 

Rochat, G. F. (1904). Graefes Arch. Ophthalm. 59, 170. 


The effect of prostigmin on the symptoms and on the myogram 
in myasthenia gravis. By E. A. B. Prrronarp and M. B. WALKER. 


Myasthenia gravis is a disease which appears in young adults: it 
results in weakness of voluntary movements of all degrees up to complete 
motor paralysis. Alongside of persistent reduction in power of contrac- 
tion of the muscles there is an even more obvious very quick fatigue 
when a given movement is repeated and an equally rapid recovery on 


The distribution of these motor changes may be throughout the body 
(the heart and gut are not impaired) or they may be restricted to certain 
muscle groups, ¢.g. the eyes, face, jaw, pharynx and larynx. Further, the 
weakness may be predominantly unilateral. 

None of the structural changes that are occasionally found in the 
muscles, thymus gland, etc., can be consistently related to this weakness. 
The resemblance between this neuro-motor weakness and the partially 
curarized nerve-muscle preparation suggested that physostigmine should 
be given to these patients. Of this 1/60 gr. resulted, in one patient, in an 
unmistakeable symptomatic improvement which lasted for 2-4 hours. 
The use of larger doses of this drug is undesirable because of the lowering 
of the pulse rate, peristalsis of the bowel, nausea and muscular twitchings 
that result. 

Prostigmin, a synthetic ies of physostigmine, produces these 
unpleasant symptoms less readily and, when given with atropine, large 
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doses can be used without discomfort or danger. 1 mg. given intra- 
- muscularly results in detectable improvement in 30-45 min. and the 


effect lasts for 2-4 hours. 2-5 mg. gives an improvement which begins 
within 5 min., is maximal at the end of 30 min. and passes off after 6 to 
8 hours. If exercise is taken after the injection its effects are less pro- 
longed. The same effects can be obtained on the same patient each time 
the injection is made: in one patient a daily injection for more than 
2 months has revealed no lessening of its effects and no ill-effects of its 
continued administration. 

The myographicrécords that were described[Blake Pritchard, 1933] 


before a meeting of the Society in January 1933, have since been obtained 


from all cases of myasthenia gravis that have been examined, and from 
no cases of clinical disease other than this. | 

They were originally described as providing an example of Wedensky 
inhibition occurring in this particular, human, preparation. They afford 
the only direct evidence that the muscular weakness of myasthenia 
gravis is probably due to a disturbance of transmission of excitation from 
motor nerve to voluntary muscle. The use of prostigmin results in a 
degree of clinical improvement which is out of all proportion to that 
obtained by the use of any other remedy. With this very great improve- 
ment in the power of voluntary movements there occurs a change in the 
form of the above myogram: the curve of muscular tension developed 
with repetitive stimulation of the motor nerve becomes in every way 
normal. 

It is therefore inferred that an intramuscular injection of prostigmin 
restores to the patient the normal power of contraction of voluntary 


muscle by facilitating the transmission of excitation from motor nerve to 


skeletal muscle. 
REFERENCE. 


Pritchard, E, A. Blake (1933). J. Physiol. 78, 2 P. 


The action of “‘prostigmin”’ (Roche) in neuro-muscular 
disorders. By P. Hamrit and M. B. WatxKeEr. 


The well-known effect of large doses of physostigmine in causing 
fibrillary twitching in skeletal muscles, together with its efficacy in 
augmenting the response to minimal electrical stimulation of para- 


sympathetic nerves, prompted the suggestion that physostigmine might 
be of value in the treatment of myasthenia gravis. The neuro-muscular 
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* phenomena of this disease are suggestive of faulty response to nerve 
impulses. The results of the first case successfully treated were reported 
by M. B. Walker [1934]. These, and further experience with “ prostig- 
min’, seemed explicable on the hypothesis that in myasthenia gravis 
cheek is defective production at the nerve terminals of acetylcholine or 
some allied substance, and that under the influence of the drug destruc- 


tion of this substance is delayed. 
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It seemed desirable to test this hypothesis by administering “ prostig- 
min” to man in cases where the musculature is certainly, or probably, 
normal and the innervation is known to be defective and then observing 
whether muscular action is augmented. 

The following observations have been made as cases presented 
themselves during recent months; some have been briefly reported by 
P. Hamill [1935]: 

Anterior horn cell lesions. 

Bulbar paresis: Articulation and control of the tongue and of 
swallowing were temporarily improved. 

Amyotrophic lateral sclerosis: Some increase in the power of the 
hands was obtained from moderate doses. 

Transverse myelitis, showing signs of recovery: There was great 
improvement of muscular power, dynamometer readings were increased, 
there was also increased response to faradic stimulation. 

Lesions of nerve trunks. 

Toxic neuritis: Considerable ani in muscular power was 
observed. 

Paralysis due to recent injury to nerves: Great increase occurred in 
voluntary movements and in response to faradic stimulation. 

The action of prostigmin has been to augment defective innervation, 
the resulting voluntary movements are greater and more powerful and 
are normal in type and coordination. 

The results obtained support the hypothesis of the action of the drug 
at the myoneural junctions, 

It is anticipated that the action of the drug in facilitating voluntary 
movements will prove of value in treatment by maintaining the nutrition 
of muscles whose nerve supply has been impaired and will thus accelerate 


Hamill, P. (1935). Proc. R. Soc. Med., Clinical Sect. Feb. 8th. 
Walker, M. B. (1934). Lancet 1, 1200. 
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The effects of diets low in choline. By C. H. Best, 
M. E. Hunrsman, E. W. McHenry and J. H. Rrpovr. 


When normal white rats are placed on a diet which provides adequate 
amounts of protein, fat and carbohydrate (protein 15-20 p.c., fat 20 p.c. 
and carbohydrate 60-65 p.c.) and of vitamins A, B,, B,, B, and D, large 
amounts of glyceride rapidly accumulate in the liver if the diet does not 
also contain appreciable amounts of choline or substances with similar 
effect on liver fat. In four series of experiments using large groups of 


© -Low choline diet plus 14mg. choline daily ‘ 
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45.48 


Time in days 
Fig. 1. Diet low in choline. Casein 11-5 g.; egg white 3-5 g.; “Crisco” 20-0 g.; sucrose 
58°3 g.; salt mixture 4-8 g.; agar 1-9 g.; vitamins A, B,, B,, D added; food consumption 
_ pproximately 10 g. per rat per day. 


animals we have noted this extensive accumulation of neutral fat. The 
results of one experiment are illustrated in Fig. 1. The deposition is 
completely prevented by choline. When the fat content of the diet is not 


_ greater than 3 p.c., glyceride still tends to accumulate in the liver pro- 
_ viding the amount of choline and of other “lipotropic” substances is 


very small. The approximate amount of “‘lipotropic” factor other than 
choline in an article of diet is determined by observing the effect of this 
material, when added to a choline-free diet, on the rate of decrease in 
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> liver fat of rats which had previously received a diet rich in fat. When 

_ 40 p.c. fat is used with a diet low in choline very large amounts of fat are 
rapidly deposited in the liver. The protein content of these diets has never 
been less than 15 p.c. 

When a diet poor in choline, but containing 40 p.c. fat, is provided for 
an extended period the gain in weight of the animals is significantly less 
than that of others on the same diet to which choline has been added. 
Furthermore, the mortality rate in this long-continued experiment was 
less in the group which received choline. One other point may be 
mentioned. The fur of the animals on the diet low in choline is usually 
matted and untidy. Most of the animals on the same diet, to which 


choline has been added, keep their fur clean and normal in appearance. — 


‘The results of these experiments, which provide considerable evidence 
that choline is an accessory food factor, will be reported in detail in due 
course. 


The calcium content of liver. By C. M. Burns and 
F. J. Ex.iort. 


Ramage, Sheldon and Sheldon [1933] reported figures of 0-025- 
0-16 p.c. of calcium in the dry livers of 100 children who had died from 
various diseases. They also demonstrated a very close relationship 
between the iron and calcium in these livers, but emphasized that all 
their material was pathological. Previously Dennis and Corley [1925] 
had failed to show any influence on rabbits’ liver calcium of feeding 
calcium salts or of irradiation. Their animals were unbled, and they 
expressed their results on wet tissue. Assuming a liver water content of 
65-75 p.c., their figures would lie between 0-017 and 0-040 p.c. for the 
calcium in dry liver. Underhill and Jaleski [1933] found no influence 
of parathyroid tetany on the calcium of dogs’ livers, and found from 
0-004 to 0-021 p.c. calcium in the dry tissue. Their animals were bled 
from the femoral artery. All these figures lie below or at the lower end of 
the range of those reported by Ramage ¢t al. 

In the experiments here described, except where otherwise stated, the 
animals were killed by decapitation and bled from the carotid, and 
calcium was determined on liver freed as far as possible from blood. The 
rabbits, guinea-pigs and kittens ranged in age from a few days old to 
adults of unknown age. The rats were from 85 to 190 days old and the 
kids from 2 to 40 days. : 

In fifty-four rats, the dry liver calcium varied from 0-004 to 0-013 p.c. 
irrespective of whether the diet was complete, rachitogenic, or rachito- 
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genic plus phosphate or plus irradiated ergosterol, while thirty-seven 
rats on these diets and at varying stages of pneumonia showed a wider 
range rising as high as 0-04 p.c. (Several of these latter livers contained 
calcareous scar tissue.) Twelve normal unbled rats had dry liver calciums 
of 0-013-0-018 p.c.—higher than the normal bled animals, but lower than 
some of the infected livers. Forty guinea-pigs had a range similar to the 
rats, 0-002-0-011 p.c. Four animals anesthetized for 1 hour with ether 
or urethane fell into this group. Seven unbled animals again showed a 
higher range—0-014-0-020 p.c. Thirty-two cats varied from 0-005 to 
0-012 p.c. Two other litter-mate cats, aged 50 days, with serum calcium 
16 mg./100 ¢.c., had dry liver calcium of 0-025 and 0-04 p.c. Rabbits 
proved to be useless for the determination of normal liver calcium, as so 


many of the livers contained large calcareous nodules. One sample of 


these nodules contained 0-14 p.c. calcium in the dry tissue, and one 
largely infected liver contained 0-12 p.c. calcium reckoned on dry liver. 
Twenty-one animals, with livers which contained no such nodules or a 
few (which were cut out) ranged in calcium content from 0-006 to 
0-010 p.c. One pup and one old dog gave values of 0-010 and 0-011 p.c. 
Six kids had figures varying from 0-004 to 0-009 p.c. Therefore, all the 
155 normal bled animals, cats, dogs, rats, rabbits, guinea-pigs and kids, 
had a range of calcium content (0-002-0-01 p.c.), only about one-tenth of 
that found by Ramage and co-workers. Only in livers from animals 
showing specific variations from the normal were their figures approached. 
While the calcium content of human livers cannot be deduced from that 
of animals, it would seem that the relationship found by these workers 
between iron and calcium is more probably of pathological than — 
logical significance. 
REFERENCES. 
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Body temperature and glycogen in the liver under chloralose. 
By Cuaries 


In the cat under chloralose, starved for 48 hours and with its body 


_ temperature at 38° C., the glycogen of the liver decreased slowly at an 


average rate of shout 0-1 p.c. per hour. If the body temperature was 
raised towards 40° C. or over, the rate of fall was increased considerably : 
if lowered below 37° C., the fall was slowed or glycogen might even in- 


crease. — as judged by the excretion of mages or inorganic 
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sulphate, was increased by raising and decreased by lowering body 
temperature. | 

Chloralose depressed metabolism, but the liver, which under chloralose 
could still build up or break down glycogen, evidently lost glycogen, 
because glycogenolysis outpaced glycogenesis. 

Starvation is a condition of autolysis of the tissues. Presumably the 
stores of glycogen in the liver of an unanesthetized cat, starved for 
48 hours, were being replenished by the conversion of products of 
autolysis at. a rate above that obtaining in the cat under chloralose. The 


condition of equilibrium, however, as regards liver glycogen could be — 


re-established partly or wholly in the anesthetized animal by lowering 
its temperature, i.e. the products of tissue autolysis were adequate to 
prevent lowering of the stores of glycogen in the liver when metabolism 
was further depressed by lowering the temperature of the animal. | 

In another series of experiments it is proposed to study the behaviour 
of glycogen in the liver when the blood to the brain is cooled or warmed 


 _ without allowing the temperature of the animal to vary from 37-5 to 38°C. 


Inhibition of fat absorption. By F. VrerzAr. 


The absorption of neutral fats like the selective absorption of 
glucose can be inhibited by monoiodoacetic acid or phloridzin. This has 
been shown by chemical analysis of the intestinal contents, and by 
histological staining with Sudan red or other fat stains. The histological 
picture seems to show that a certain absorption of fatty acids occurs, 
but no re-synthesis of neutral fat. In the case of glucose absorption, it is 
the phosphorylation processes which are inhibited by these drugs. One 
has therefore to suppose that phosphorylation processes play an im- 
portant part in fat absorption also. The fatty acids are probably syn- 
thesized to neutral fats via phosphorylated substances. The fact that 
phospholipoids can be shown in great quantities in the lymph during fat 
absorption is in favour of this supposition. 

The extirpation of the adrenals of rats also diminishes fat absorption 


very markedly. In the first 6 hours practically no fat is absorbed. . 


“‘Eucortone”, the hormone of the adrenal cortex, restores the absorption 
to normal, and therefore the inhibition seems to be a result of the lack of 
the cortex. The same has been shown for the selective absorption of 
glucose. Since the cortical hormone plays an important part in muscular 
carbohydrate metabolism, which is probably connected with phosphoryl- 
ation processes, it seems that adrenal cortex acts on the selective absorp- 


. 
~ 
+14 
i 
\ 
& 
| 
i 
| 
; 
| 
i 
4 
vi 
5 
ty 
] 
mit 
ih 
q i 
ak. 
ae 
5 
: 
: 
| 
} 
* 
hie 


42 P PROCEEDINGS OF THE PHYSIOLOGICAL 


tion of glucose and of fat through its action on the phosphorylation 
processes in the intestinal mucosa. 

Fat absorption is therefore probably dependent on an active process 
in the intestinal mucosa which synthesizes the fatty acids to phospho- 
lipoids and neutral fats, under the influences of the adrenal cortex. 


A theory of excitation. By W. A. H. Rusuron. 


The following assumptions are made. The injury potential is due to | 


the damage of a membrane in the tissue, which when intact encloses 
certain ions to which it is impermeable. This membrane is an oil-saline 
emulsion with the oil phase external. When a stimulus is applied, the 
membrane acts as the leaky dielectric of a condenser and the saline 
droplets become polarized and elongated in the direction of the field 
[Dixon and Bennet-Clark, 1932]. For small charges on the condenser 
the drops will take up a new equilibrium under the electric surface forces. 
For charges greater than a critical value no equilibrium can be reached 
and the droplets will coalesce, forming electrical connection across the 
membrane with consequent outrush of negative ions in the form of the 
action-potential wave. This wave will “stimulate” the region adjacent 
to the cathode in the manner foregoing and hence propagation will occur 
on the lines of the Bernstein-Lillie theory. 

The rate of change in shape of the droplets is restrained by viscosity, 
so that their deformation lags behind the equilibrium corresponding to 
the charge at each moment. Thus, with a brief condenser stimulus the 
action potential will arise not at the peak of the electrotonic charge, but 
when this has considerably declined, as observed by Harris and Rosen- 
berg [1935]. Condenser stimuli producing the same maximal electrotonus 
will be the more effective as stimuli the longer the charge persists in the 
region of this maximum, i.e. the slower the discharge. Hence the time 
constant for excitation will be greater than that for a given peak 
electrotonus [Harris and Rosenberg, 1935]. The “explosive” nature 


of the excitation process follows from the instability arising when the 


critical elongation of the droplets has been exceeded [Rushton, 1932]. 

The classical relations between intensity and duration, capacity or 

frequency of various kinds of stimuli may be derived approximately from 

the mathematical development of the foregoing assumptions. — 
REFERENCES. 
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Selective action of small doses of curarine for certain rates and 
strengths of stimulation. By Gracr Briscoz. 


- The effect of small intravenous doses of pure curarine, kindly supplied 
by Sir Henry Dale, has been tested by the response of quadriceps 
(nerve cut) to different rates and strengths of stimulation, also to sudden 
changes of stimulation rate (Briscoe, 1934 6]. Decerebrate tone in the 
other quadriceps (nerve intact) has been gauged by the amount of reflex 


A 


F G H 
Fig. 1. Cat. Decerebrated under ether. Extension of knee downwards. 

A and B. Controls before curarine, tested repeatedly with constant results. A, slow sub- 
maximal rate tested for 1 min.; blood-pressure 140 mm. B, same strength, 5 sec. of 
slow rate followed by 5 sec. of fast rate; slight accretion after fast spell, 12.47 p.m.: 
0-05 mg. per kg. curarine; 5 min. later, slight depression with slow rate. 

C. 1.16 p.m.: slight rise in threshold, submaximal contraction not maintained, stronger 
stimuli tested for more than a minute; blood-pressure 155 mm. 

D. 1.18 p.m.: stimuli increased from 0-6 to 0-7; submaximal contraction not maintained ; 
full extension tested for 1 min. 

E. 1.21 p.m.: rates alternated; depression after 5 sec. of fast rate. ) 

F-J. Another preparation; stimuli all supramaximal; rates alternated slow—fast—slow. _ 
F, 11.53 a.m.: control; no depression during fast spell; marked decerebrate rigidity. 
11.56 a.m.: 0-05 mg. per kg. curarine. G, 12 noon: no change, but slight depression and 
rise of threshold for submaximal stimuli; decerebrate rigidity and blood-pressure un- 
changed. 12.41 p.m.:0-05 mg. per kg. curarine; blood-pressure 105 mm. H, 12.46 p.m.: 
depression with fast stimuli, I, 12.55 p.m.: depression more rapid; rigidity slightly 
less. J, 2 p.m.: recovery nearly complete. 2.30 p.m.: 0-2 mg. per kg. given; after this 
only twitches obtained with slow or fast stimuli; all decerebrate rigidity gone; blood- 
pressure 120 mm. 3.55 p.m.: partial recovery for tone and peripheral responses. 
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contraction produced when the leg falls suddenly from full extension 
[Briscoe, 1934 a]. 

The minimum effective dose is about 0-05 mg. per kg. The first effect 
noted is inability to maintain a partial extension in response to sub- 
maximal slow rates (20-35 per sec.). When the muscle begins to give 
way full extension can be maintained by doubling or trebling the strength 


of stimuli, There may be a slight rise of threshold. On alternation of — 


submaximal slow and fast rates, there is depression after a short spell of 
fast rate (150-160 per sec.), though accretion may show in the control 
(Fig. 1). There is little or no disturbance of blood-pressure and respira- 
tion; decerebrate tone is slightly diminished or unaffected. On repeating 
the dose, rapid depression occurs with the fast rate, though contraction 
can still be maintained by the slow rate. This is shown best by alter- 
nating slow and fast rates of supramaximal strength. These stages would 
not have been detected if the muscle had been tested with maximal 
twitches. Reflex tone is usually diminished. A further dose (0-2 or 
0-3 mg. per kg.) is accompanied by inability to maintain any contraction. 
Whatever the rate of stimulation brief twitches result, an effect noted 
by Bremer and Titeca [1931] with curare. Although twitches can be 
obtained via nerve, the muscle is paralysed functionally, as it cannot 
maintain a posture or perform uniform quick movements. Decerebrate 


tone disappears, the knee jerk remains, blood-pressure may rise and 
respiration continues. 

The connection between these results and the “lissive” effects of — 
curare described by Ranyard West [1935] is speculative. It is clear 
that peripheral change can be shown as soon as or even before diminution 
of decerebrate tone. Similar effects have been obtained with crude | 
curare, with dosage approximately treble that of curarine. 
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Uterine reactivity and activity in vitro and in vivo, By J. M. 
_ Rosson. (Institute of Animal Genetics, University of Edinburgh.) 


In vitro and in vivo measurements of the reactivity to oxytocin and 
spontaneous rhythmic activity of the uterus were made in twenty-seven 
rabbits. The majority of the animals were previously hypophysectomized 
in order to exclude the effects of their own posterior lobes in the in vivo 
determinations. Treatment with cestrin for various periods or with 
cestrin followed by corpus luteum extract preceded the experiments, thus 
producing a wide range of conditions corresponding to various physio- 
logical states of the uterus. In each rabbit the in vivo determination was 


made on one horn in which a canula was introduced and connected with a 


tambour, while the other horn was removed for in vitro and histological 
investigations. In fourteen experiments the in vitro determinations were 
made on the longitudinal muscle of the uterus only; in the other thirteen 
cases, the changes in volume of the isolated uterine pieces were also 
recorded by means of the Trendelenburg method. 

In twenty-four out of the twenty-seven experiments the minimum 
doses of oxytocin necessary to elicit motor effects im vivo (intravenous 
injection) and én vitro respectively showed quite close agreement. In two 
experiments the intravenous injection of 0-5 unit of oxytocin caused a 
contraction of the uterus, while in the in vitro determinations the uterus 
was inhibited by the addition of 1 unit of oxytocin to the bath (100 c.c. 
capacity). In one experiment 0-2 unit was effective in vitro while 0-5 
unit had no effect im vivo. Such occasional discrepancies may be ex- 
plained by the fact that the reactivity of all parts of the uterus is not 
always identical, as some degree of variation may also be found when two 
pieces from the same uterus are investigated in vitro. Moreover the 
Trendelenburg technique showed that the reactivities to oxytocin of the 
longitudinal and circular musculature of one piece of uterus may not be 
the same, as the addition of drug may elicit contractions of the circular 
muscle without affecting the longitudinal fibres. 

The uterus of all the animals showed some degree of spontaneous 
rhythmic activity in vivo, but this was on the whole more marked in 


animals treated with cestrin alone than in those receiving cestrin followed 


by corpus luteum extracts. 
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Changes in the viscous-elastic properties of plain muscle during 
electrical stimulation. By F. R. Winton. 


The increase in the viscosity of the foot retractor of Mytilus after 
direct-current stimulation, and its decrease after alternating-current 
stimulation were inferred from isotonic stretch and release curves. Such 
curves take several hours to complete, and the method is not so suitable 
for the study of the changes occurring during contraction, which, owing 
to the onset of fatigue, cannot be sustained for more than a few minutes. 

The muscle was, therefore, submitted to approximately sinusoidal 
changes of length at different frequencies. One end of the muscle was 
fixed, and the other end attached to a helical steel spring; the further 
end of the spring was attached to a crank, and oscillated at a fixed 
amplitude and variable frequency. The consequent amplitude of move- 
ment of the junction of the muscle and the spring depends on the 
frequency. At relatively high frequencies (e.g. 1 per sec.) this amplitude 
approaches a minimal value, because the yielding of the damped com- 
ponent of the muscle becomes negligible in comparison with that of the 
undamped elastic component. A change in the amplitude at the high 
frequency indicates the variation undergone by the undamped elastic 
component alone. At lower frequencies the amplitude is greater than 
at high frequencies. The excess of the amplitude at a low frequency over 
that at the high frequency will be greater the lower the viscosity of the 
‘muscle, and the greater the damped compliance of muscle. 

When the muscle is stimulated its compliance becomes less; this is 
shown by the greater slope of the isometric tension-length curve, as 
ordinarily obtained, for stimulated than for unstimulated muscle. If 
stimulation produces a difference of amplitude at the two frequencies 
which is greater than that found in unstimulated muscle, this must, 
therefore, be due to a decrease of viscosity. The difference of amplitude — 
at the two frequencies is, in fact, much greater during alternating- 
current stimulation. During direct-current stimulation, on the other 
hand, the difference is little if any greater than in unstimulated muscle. 
After cessation of the direct-current stimulus, however, the difference 
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becomes smaller than in the muscle after cessation of an alternating- 
current stimulus; this confirms the changes of viscosity inferred from the 
_ isotonic stretch and release curves, previously communicated. 

For example, a Mytilus foot retractor at 10°C. reached a nearly 
minimal amplitude at a frequency of 1 in 3 sec. At 1 in 48 sec. the 
amplitude was appreciably larger. If the difference in the two amplitudes 
be expressed as a percentage of the amplitude at the higher frequency 
under the different conditions named, the results may be summarized 
as follows. Unstimulated (after previous alternating-current stimulus), 
31 p.c.; during direct-current stimulation, 40 p.c.; after direct-current 
stimulation, 5 p.c.; during alternating-current stimulation, 164 p.c.; 
after alternating-current stimulation, 26 p.c. 

The undamped compliance of the muscle is reduced during stimulation. 
In the response to alternating current the undamped compliance falls to 
its minimal value before the tension reaches its maximum. This increase 
in rigidity, preceding the full development of tension, may correspond 
_ with the similar phenomenon in striated muscle, and indicate the “funda- 
mental process” in plain muscle like that described by Gasser and 
Hill [1924]. 

The changes of viscosity and undamped compliance of the muscle 
have been confirmed by a modified oscillation method, in which one end | 
of the muscle was attached to an isometric lever and the other submitted _ 
to sinusoidal oscillation. Recorded in this way, the oscillations of tension 
are maximal at the relatively high frequencies, and become less at lower 
frequencies, and with lower viscosity of the muscle. The general technique 
of the experiments was as previously described [Winton, 1926], except 
that the muscle was immersed in sea water at room temperature or lower. 
The currents employed were those described as optimal [Winton, 1934]. 

During the response to alternating current the viscosity is at its 
lowest, favouring rapid shortening of the muscle. After direct-current 
stimulation the viscosity is at: its highest, favouring slow relaxation 
which renders economical the maintenance of long-continued contraction 
due to repetitive stimulation. The viscosity has an intermediate value in 
unstimulated muscle taken straight from an animal or after alternating- 
current stimulation, and during stimulation with direct current. 
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Studies on exophthalmos. Retraction of the nictitating mem- 
brane and eyelids in the cat without dilatation of the pupil. 
By Cuas. E. Brunton. 


Since dilatation of the pupil is sometimes absent in cases where 
retraction of the eyelids is seen, and since an increase in the strength of 
@ stimulus applied to a nerve bundle may produce a response from a 
larger number of tissues supplied by it, an investigation was made of 
the responses to increasing stimuli applied to the peripheral end of the 
cut cervical sympathetic nerve. 

Cats under chloralose were used. The head was fixed and, by means 
of fine-pointed dividers, the following measurements were made: (1) the 


Distance (mm.) 


0 2 4 & 80 100 120140 
Time (sec.) 


Fig. 1. Stimulation of the cervical sympathetic nerve for 35 sec. On the left side of the 
- figure from above downwards: (1) nictitating membrane [}—(); (2) palpebral fissure 

+ —— +; (3) horizontal diameter of pupil ()—(D; and (4) stimulation of the nerve. 
Absciss: time in sec. Ordinates: distances in mm. The nictitating membrane and lids 
retract without any dilatation of the pupil, presenting the appearance of exophthalmos, 


distance of the nictitating membrane lateral to a suitable mark on the 
inner canthus of the eye, (2) the separation of the lids at their mid-point, 
and (3) the greatest horizontal diameter of the pupil. 

The cervical sympathetic nerve was separated out and cut. The 
distal end was stimulated by faradic currents with the well-known result. 
_ that the pupil dilated while the lids and nictitating membrane retracted. 
By decreasing the strength of the current in the secondary coil a stimulus 
was found such that the three lids were withdrawn but the size of the 
pupil was not increased (Fig. 1). On repetition of the same stimulus a 
few minutes later a widening of the pupil occurred, but it disappeared 
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before the cessation of the stimulus and 4 min. before the lids returned to 
the position of rest (Fig. 2). A weaker stimulus could be applied for 
longer periods without producing dilatation of the pupil. Stronger 
stimuli produced lid retraction, greater dilatation of the pupil and true 
exophthalmos. 

This failure to obtain exophthalmos without dilatation of the pupil 
suggests that the normal-sized pupil which is usual in Graves’s disease 


Time (sec.) 


Fig. 2. Stimulation of the cervical sympathetic nerve for 60 sec. with the coil as in Fig. 1. 
Explanation as in Fig. 1. The retraction of the lids persists for 3 min. after the end of 
the stimulus and for almost 3 min. after the pupil has returned to its normal size. 


may be produced by the intervention of a second mechanism: the ordinary 
light reflex set up at the retina, which may correct any tendency toward 
dilatation due to the disease. The events illustrated in Fig. 2 might be 
explained in this way. The suggestion might be confirmed if the dilatation 
of the pupil which is produced by the operation of access to the third 
nerve could be avoided, This dilatation persists after section of the 
cervical sympathetic nerve. 


_After-discharge from the superior cervical ganglion. 
By J.C. Eoctes, 


Contractions of the nictitating membrane have been elicited by 
tetanic stimuli applied alternately through two pairs of electrodes placed 
respectively on the cervical sympathetic (cut centrally) and on the intact 
postganglionic trunk just beyond the superior cervical ganglion, and these 
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contractions have been recorded photographically. by means of a friction- 
less mirror myograph. When maximal stimuli are thus applied, the 
response to a given preganglionic stimulation has usually not differed 
from that to an identical postganglionic stimulation by more than the 
detectable minimum of about 1 p.c. In some experiments, however, 
there has appeared to be a slight delay in the decline of the preganglionic 
contraction, especially in its earlier part, indicating that there is an after- 
discharge from a few ganglion cells. 

When the superior cervical ganglion is eserinized either by painting 
on a 1 in 1 solution or by injecting 1 mg. eserine and 1 mg. atropine 
intravenously, there is usually an accentuation of any delayed decline 
that may have been present, or an appearance of a delayed decline when 
this has not been previously detectable. This delay in the preganglionic 
relaxation curve cannot be due to a short-lasting after-discharge, for it 
keeps at approximately the same small tension above the corresponding 
postganglionic curve for as long as 15 sec. after cessation of the stimu- 
lation, a result which indicates a continuous discharge from a few (pro- 
bably never more than 10 p.c.) ganglion cells during all this period. 
Thereafter the preganglionic curve approaches the postganglionic, but 
a difference is still detectable as long as 1 min. after stimulation. 

When small quantities of acetylcholine, e.g. 1y dissolved in 0-1 c.c. 
Ringer, are injected into the carotid sinus, all branches of the carotid 
being tied except those to the ganglion and surrounding tissues, there is 
a prolonged contraction of the nictitating membrane, Comparison of 
this contraction with that evoked by maximal tetani at various fre- 
quencies indicates that the acetylcholine stimulates the ganglion cells 
to discharge a great many impulses—probably more than a hundred 
being set up by each ganglion cell, the discharge continuing for at least 
1 min. Now during a maximal preganglionic tetanus acetylcholine 
accumulates in an eserinized superior cervical ganglion in a concen- 
tration which seems sufficient to excite a discharge of impulses from 
ganglion cells [Feldberg and Vartiainen, 1934]. Any discharge thus 
evoked by acetylcholine diffusing from the regions of its liberation by 
preganglionic impulses presumably would be similar to that evoked by 
the injected acetylcholine reaching the ganglion cells from blood vessels, 
i.e, it would be a prolonged tetanus continuing after the period of 
stimulation in the same way. as the prolonged after-discharges described 
above, Thus the acetylcholine liberated by preganglionic impulses pro- 
vides a probable cause of the after-discharge. In fact it is difficult to 
see how the quantity of acetylcholine which is liberated could fail to 
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cause such an after-discharge, and the usual effect of eserine in increasing 
and prolonging such after-discharges supports such an explanation, 
though this eserine effect seems to be smaller and less constant than 
_ would be expected. 

If these prolonged after-discharges, which appear to commence not 
earlier than | sec. after the commencement of the response, are indeed 
due to acetylcholine, the hypothesis that acetylcholine acts as the 
normal synaptic transmitter can only be sustained on an assumption 
that acetylcholine, besides this protracted type of excitation, gives also 
a different type of stimulation of ganglion cells when applied locally 

in high concentration. But there is no evidence for this assumption. 

_ The acetylcholine hypothesis of synaptic transmission also suffers from 
inability to explain why the extremely rapid removal of the synaptic 
transmitter is not appreciably slowed by eserine paralysis of the choline- 
sterase [Eccles, 1934], for the time course of facilitation is an index of the 
time course of the synaptic transmitter though Feldberg and Var- 
tiainen [1934] maintain a contrary view. An alternative hypothesis 
therefore seems desirable, and it is suggested that preganglionic impulses 
€xcite ganglion cells by means of the eddy currents which they set up, the 
ions conveying these eddy currents being the synaptic transmitters. These 
ions are largely K ions, which, as Brown and Feldberg [1935] have 
shown, directly excite ganglion cells. The acetylcholine liberated by pre- 
ganglionic impulses would then perhaps be regarded as having an adjuvant 
exciting action of importance in counteracting the onset of fatigue, and 
as an agent producing vaso-dilatation. 
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Cell respiration and catalase activity. By Hermann BuiascHKo. 


The relations between catalase and the respiratory mechanism of the 
cell, although much discussed, are still very incompletely known. The 
following experiments represent an attempt to inhibit catalase in tissues 
and to observe the effect of such inhibition on cell respiration. In the 
experiments here described hydroxylamine was used as catalase in- 


hibitor. The inhibitory action of this substance on catalase is well known 
[Jacobson, 1892]. 
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Rat’s testicle and kidney were used; respiration and decomposition 
of hydrogen peroxide were measured manometrically. The tissues were 
suspended in Ringer-phosphate solution of pH 7-4, to which in the case 
of the testicle experiments 0-56 p.c. glucose was added, In 10 M 
hydroxylamine hydrochloride the catalatic activity of testicle is practically 
abolished, whereas the respiration is scarcely affected. There is no 
immediate effect on respiration upon the addition of the inhibitor; a 
slight inhibition develops after about 40 min. In kidney, however, 
hydroxylamine affects respiration immediately, even with 10+ M hydrox- 
ylamine hydrochloride; with 10-* M the inhibition is about 30 p.c. in 
the first 15 min., rising to over 50 p.c. in the course of an hour. : 

The difference in reaction of the two organs to catalase poisons seems 
interesting in view of the differences in their metabolism: testicle, an 
organ which is rather poor in catalase [Fujita and Kodama, 1931] and 
which oxidizes only carbohydrates, shows no effect of catalase inhibition 
on respiration, whereas kidney, an organ with comparatively high 
catalase content and capable of oxidizing a great variety of substrates, 
ar a marked inhibition on the addition of hydroxylamine. 
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The pH- and CO,-combining capacity of Maia blood. 
By8.L.Cowan. 


Parsons and Parsons [1923] determined the volumes of carbon 
dioxide combined with Maia blood under different partial pressures of 
this gas, using air-carbon dioxide mixtures. By means of the Henderson- 
Hasselbalch equation they calculated the pH of oxidized Mara blood 
under various partial pressures of carbon dioxide. Kerridge [1926] 
determined the relation between the partial pressure of carbon dioxide 
and the pH of both oxidized and reduced Maia blood with her glass 
electrode apparatus, and found the carbon-dioxide binding capacities 
calculated from her figures were in agreement with the experimental 
volumes determined by Parsons and Parsons if it was assumed that 
pK, in the Henderson-Hasselbalch equation had a value of 6-5 
at 13°C, 
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A consideration of the above-mentioned data in the light of more 
recent work suggests that the agreement is not so close as appears at 
first sight. : 

Kerridge pointed out that she had assumed that the activity 
coefficient of the bicarbonate ion in Maia blood was unity. Buch, 
Harvey, Wattenberg and Gripenberg [1932] have shown that pH 
values calculated by the Henderson-Hasselbalch equation agree 
closely with the observed ones if an allowance is made for the action 
of the salts present in diminishing the activity of the bicarbonate ion 
{cf. Hastings and Sendroy, 1925). Since Cowan [1934] has found 
that Maia blood has approximately the same total cationic concen- 
tration (per 100 g. of water) as sea water it would be expected that the 
bicarbonate ion would have the same activity in this fluid as in sea water. 
However, if such a correction is applied to the pH values calculated from 
Parsons and Parsons results, then these values are 0-4 pH unit lower 
than those determined by the glass electrode. On the one hand, the dis- 
crepancy may be due merely to some difference between the blood 
samples used by the different observers; on the other hand, if it is real 
it is in the wrong sense to be explained by the formation of unionized 
hemocyanin-carbon dioxide compounds and suggests the conclusion that 
hemocyanin acts in such a manner as to negative the effect of the dis- 
solved salts and restore the apparent activity coefficient of the bicarbonate 
ion to unity. 
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The effect of pituitary (posterior lobe) extract upon 
the urinary flow. By Apt Samaan, 


Motzfeldt [1917] stated that the anti-diuretic effect of the post- 
pituitary extract is abolished after the elimination of the renal inner- 
vation. Observations on non-anssthetized bitches show that the “anti- 
diuretic threshold dose of the extract” (the intravenously injected dose 
which causes the smallest reduction of urine in a uniformly maintained 
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water diuresis) is remarkably constant in any one bitch and is unchanged 
after renal denervation. With larger doses the inhibition of urine of the 
denervated kidney is as marked as, or sometimes even more marked than, 
that of the normal side. 

_ The intravenous administration of the extract in dogs (normal or 
with denervated kidneys) ingesting dilute solutions of urea (1-0-2-5 g. 
p.c.) or of sodium chloride is followed by a reduction of urine, the degree 
and duration of which are relative to the dose given. On the other hand, 
diuresis produced by ingesting stronger solutions of urea (8*3-10-0 g. p.c.) 
is unaffected by doses 2000 times as much as the “ anti-diuretic threshold 
dose” referred to above. 


Motzfeldt, K. (1917). J. exp. Med. 25, 153. 


The significance of lactic acid uptake by the mammalian heart. 
By J. Yuuz Boave, C. Lovatr Evans and F. Y. Hsv. 


In contrast to skeletal muscle the working heart shows the ability to 
utilize blood lactic acid, the rate of such utilization being roughly propor- 
tional to the amount of work done and the concentration of lactic acid 
in the perfusing blood [Evans, Grande and Hsu, 1935]. The significance 
of this phenomenon is of particular interest, since it is exhibited only by 

the heart. 
: If the heart is made to utilize more lactic acid by the addition of 
sodium lactate to the perfusing blood, an increase of the coronary flow, 
decrease of heart rate and lowering of venous pressure can be observed. 
These effects are more obvious on the dilated heart with a big venous 
inflow opposed by a high peripheral resistance but fed with blood con- — 
taining little sugar and lactate. Through such treatment the stroke 
volume is considerably increased, thereby improving the efficiency of 
the heart. 

Control experiments were done with sugar and sodium bicarbonate 
in similar concentrations, but the beneficial effects were not usually 
observed. Experiments with sodium lactate, however, showed always 
the same effects. It seems, therefore, highly probable that the effect is 
specific to the lactate ion. 

In the resting state of the intact body the blood lactate is at its basic 
level and therefore its usage by the heart is small. In strenuous muscular 
exertion, however, the blood lactate is enormously increased and at the 
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same time the heart is required to do more work. It is in these con- 
ditions that the ability of the heart to utilize lactic acid shows its full 
significance. Not only does lactic acid promote contractility of the heart 


muscle, but like CO, it tends also to slow the rate and increase the — 


efficiency. Since the rate at which the lactic acid gets into the heart 
tissues is greater than that for sugar, it is more readily available to meet 
the increased demands for fuel by the heart. Moreover, the rate of 
absorption is facilitated by the property of lactic acid itself in increasing 


the coro flow. 
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The choline esterase content of blood in myasthenia gravis. 
By Stepan. (Introduced by G. Barc.) 


The temporary relief of the symptoms of myasthenia gravis by the 
administration of prostigmine has led to the suggestion that this disease 
is due to abnormalities in the mechanism for the liberation or destruction 
of sanstalites Inasmuch as prostigmine is a member of a large group 
of drugs all of which possess the property of inhibiting the activity of 
choline esterase, this suggestion appears to be justified. The author, with 
the cooperation of Dr W. Ritchie Russell, has therefore determined 
the choline esterase contents of defibrinated blood from a number of 
patients suffering from myasthenia gravis as well as from some normal 
individuals. The values obtained with the former group exhibit a ten- 


dency to be low as compared with the normals. This is largely due to the - 


low content of the serum, the corpuscles containing approximately 
normal amounts of the enzyme. It is not at present certain if any signifi- 
cance can be attached to these low values. Assuming that the serum 
content of choline esterase is a measure of its concentration in the tissues 
it is, however, clear that myasthenia gravis is not due to the excessive 
destruction of acetylcholine by the enzyme in question. 


The relation of the carotid and aortic refiexes to undulatory 
changes in blood-pressure. By R. J. 8. McDowatt. 


It has been pointed out by Barcroft and Nisimaru that rhythmical 

contractions of the spleen may cause corresponding alterations in blood- 
pressure, while a large number of workers have noted that waves of a 
Traube Hering type may follow procedures which cause general sym- 
pathetic stimulation—e.g. the injection of adrenaline, stimulation of the 
peripheral end of the splanchnic nerve, and stimulation of sensory nerves. 


Ose 
ix 
ay 
2 
BX: 
4 
4 
> 3 
: 
sa 
4 
7 & 
ral 
“4 
“3 
ox, 
7 
“4 


SOCIETY, MAY 18, 1935. 


It is now reported that in many cats such waves follow the throwing 
out of action of the carotid and aortic reflexes, brought about by nerve 
section or the application of local anzsthetics. If the loss of the reflexes 
is brought about by section of the vagi and occlusion of the carotid 
arteries, the freeing of one carotid artery may be sufficient to cause the 
waves to disappear again. Since it can be shown that the activity of the 
carotid and aortic reflexes is very variable at different times in the same 
animal, it may now be suggested that the procedures which have long 
been known to be liable to produce undulatory waves act by throwing 
out of action these reflexes, which normally act as buffers, 7 


A drop recorder for A.C. mains. By L. E. Baytiss. 


Harris [1931] has described a drop recorder for use on A.C. mains, 
in which the thermionic valve, used as relay, also acts as its own rectifier. 
His circuit involves the use of batteries for the grid bias, but this can be 
avoided by using a bell transformer to supply both the filament current 
(from the 3-volt secondary winding) and the grid bias (from the 5-volt 
winding) for a 2-volt battery valve. (The actual open circuit output of 


these transformers is usually about 4 volts and 7 volts respectively, so 
that the peak value of the grid bias is about 12 volts.) Since the anode 
current is supplied direct from the mains, and the grid potential from 
the secondary of a transformer, it is essential that the connection between 
the primary and the secondary of the transformer be made appropriately, 
so that the grid and anode are out of phase; this is easily discovered by | 
trial and error. The Osram L.P. 2 valve, indicated in the diagram, gives 
more than enough anode current to operate the Palmer standard 1000- 
ohm signal. Several valves and signals may be or from one 
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A stimulation unit for A.C. mains. By L. E. Bayziss and 
P. EGGLETON. 


The ordinary pattern of induction coil, as used by students, takes 
2 amperes or more in the primary circuit when fed from a 2-volt accumu- 
lator. With a class of 120 students working in pairs, this implies a dis- 
sipation of no less than 240 watts in order to provide the few milliwatts 


200-250. 
AC. 


20,000 
0-5 MF 
Fig. 2. Circuit diagram of Fig. 3. Simple circuit for obtaining 
the stimulation unit. single condenser shocks. 


necessary to stimulate the tissues. In addition, the contact breakers of 
the induction coils require frequent overhaul, and the accumulators 
demand the continuous use of a recharging plant. 7 

We have found it possible to replace this apparatus by a considerably 
cheaper device which has no moving parts, requires no servicing, and 
has an enormously greater efficiency. It gives single shocks either by 
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condenser discharge or from the drum contact, and repetitive shocks 
(100 per sec.) from the mains. The circuit diagram (Fig. 2) is largely 
self-explanatory. The transformer is a standard bell transformer, the 
rectifier is a Westinghouse type H. 4, and the remainder of the com- 
ponents are similar to those used in wireless receivers. Both potentio- 
meters have resistances in series with them, and no damage can be done 
even if all four output terminals are accidentally connected together. 
One of each pair of output terminals is connected to earth, there being no 
metallic connection with the mains, so that there is no danger of high 
voltages being developed at the stimulating electrodes. The unit delivers 
about 1 volt a.c. and 3 volts p.c. on open circuit; the resistance of the 
ordinary stimulating electrodes is of the order of ten times that of the 
potentiometers, so that the output volts drop about 10 p.c. on load. The 
smoothing of the pD.c. supply is of such degree that even when the full 
D.O. voltage is applied to a nerve (ten to twenty times the threshold) 
there is no trace of tetanus produced. 

If used for research work it is convenient to insert a short-circuit 
switch across the 2000-ohm resistance in series with the a.c. potentio- 
meter. An extra terminal connected to the point S of the transformer is 
also useful for operating a signal. It should be remembered, however, 
that the current taken by the signal results in a drop in the transformer 
secondary voltage, and hence in both the a.c. and pD.c. output volts of 
the stimulation unit. 

It may be pointed out, incidentally, that the apparently simple 
course of feeding an ordinary induction coil from the mains through a 
rectifier is not practicable, owing to the enormous size and cost of the 
smoothing chokes and condensers needed for such a low resistance load. 

The dimensions of the complete unit are 74 x 64 x 3g in. (181 x 165 
x 98 mm.) and its weight 2-9 Ib. (1320 g.); it can be obtained from the 
Grafton Electric Company, 54 Grafton Street, Tottenham Court Road, 
London, W.1, at a cost of 27s. 6d. 


Diffusion of sugars into muscle. By M. Grace 


Evidence has accumulated in the last few years showing that skeletal 
muscle is not freely permeable to many simple solutes. Of the anions 
investigated, Cl’, SO,” and PO,” appear to penetrate freely into only 
25-30 p.c. of the muscle substance; the same state of affairs exists in 

to creatine and carnosine, while urea and histidine on the other 
hand oan diffuse freely throughout the muscle. In view of the known 
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function of glucose as a foodstuff to muscle tissue, the behaviour of this 
substance has been investigated in regard to its power of diffusion into 
muscle. The method adopted was that of soaking the muscle (gastroc- 
nemius, gracilis or semi-membranosus of the Hungarian frog) for 
10 hours or more in a Ringer’s fluid containing 1-2 p.c. of glucose, and 
analysing both muscle and Ringer’s fluid at the end of the experiment. 
Glucose diffuses more slowly than the substances previously investigated, 
but after 10 hours no further change occurred. 

Sugar was estimated in the protein-free muscle filtrate by Hane’s 
modification of the Hagedorn-J ensen method, after neutralization to 
phenolphthalein (the use of trichloracetic acid for deproteinizing ex- 
cludes the copper methods of estimation); accurate results were obtained 
if standard quantities of each solution were used. In experiments with 
cane sugar, the acid filtrate was first boiled 15 min. before neutralization. 
This method yielded a high residual reducing value for muscles soaked in 
normal Ringer’s fluid (70-150 mg. per 100 g. as glucose), but the value 
was constant in any pair of muscles. The total sugar content of an 
experimental muscle-had therefore to be corrected by subtraction of the 
residual reducing value obtained on its companion. 

Since glucose is used as a foodstuff by the muscle it might be expected 
to diffuse freely into all parts of the muscle. Such however was apparently 
not the case. When equilibrium was attained between the muscle and 
the surrounding fluid, the apparent concentration of glucose in the 
muscle was only 16-27 p.c. (fifteen experiments) of its concentration in 
the Ringer’s fluid. That is to say, if the equilibrium is a simple osmotic 
one, not more than one-quarter of the muscle is permeable by glucose. 

Example. Semimembranosus (1-4 g.) kept for 18 hours (1-2° C.) in 100 c.c. of glucose- 
Ringer’s fluid (1-88 p.c. glucose replacing 0-35 p.c. NaCl). The muscle then contained 
0-442 p.c. of apparent glucose. Its companion, soaked in normal Ringer’s fluid, showed a 
reducing value of 0-08 p.c. expressed as glucose. Glucose had therefore diffused into the 
experimental muscle to give an overall concentration of 0-442-0-08 (=0-362) p.c. in the 
tissue. But its actual concentration at any one point (if a simple osmotic equilibrium exists 
between the muscle and fluid) was 1-88 p.c.; therefore it was present at this concentration 


in only 0-362 x 100/1-88=19-5 p.c. of the muscle. The muscle did not change in weight 
during the experiment and was still excitable at the end. 


It might be argued that the equilibrium attained is an equilibrium 
between the rate of supply of glucose by diffusion and the rate of its 
destruction by the muscle. Such is not the case, for when a muscle is 
kept in a small volume of glucose-Ringer’s fluid the usual equilibrium is 
established, and the amount of sugar disappearing from the whole 
system is negligibly small (less than 1 p.c. of the total present in 18,hours). 
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When the Ringer’s fluid used was hypertonic and the muscles there- 
fore diminished in volume, the proportion of the muscle into which 
glucose diffused was increased (as in the case of phosphate) to as much as 
45 p.c. Fatigued muscles behaved in the same way as resting muscles. 
The behaviour of cane sugar was identical with that of glucose. 

Cane-sugar solutions have often been used to prevent swelling of 
muscles in rigor, since saline solutions, however concentrated, will not 
serve this purpose. It was assumed therefore that cane sugar, unlike all 
other solutes examined, was unable to penetrate freely into muscles in 
rigor. Experiment showed this assumption to be untenable. The sugar 
concentration in such muscles soaked in a sugar-Ringer’s solution 
attained a value of 75-80 p.c. of that in the surrounding fluid; that is to 
say, the sugar had diffused freely into all the water of the muscle. The 
failure of the muscle to swell is therefore probably connected with the 
relatively slow rate of diffusion of the sugar. 

Some experiments with plain invertebrate muscle (foot retractor of 
Mytilus edulis) performed in a similar way showed that from 45-65 p.c. — 
of the muscle was freely permeable to glucose (eleven experiments), a 
value more than double that found in frog skeletal muscle. 
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Observations on the inhibition of urinary secretion in dogs by 
a needle-prick in the lower lumbar region. By Ap. Samaan. 


Theobald [1934] noted a marked inhibition of water diuresis after 
a false attempt to make a lumbar puncture; recently Theobald and 
Verney [1935] suggested that the inhibition of urine is due to the 
increased activity of the pituitary body. 

Experiments performed to test this hypothesis show that: (a) the 
urinary flow of animals ingesting concentrated urea solutions, although 
unaffected by the injection of enormous doses of posterior pituitary 
extract, is inhibited after the needle-prick; (6) hypophysectomized de- 
cerebrate dogs show a prolonged inhibition of water diuresis after the 
lumbar prick—denervation of the kidneys does not interfere with the 
results; (c) blood-pressure determinations, under local anesthesia, in 
conscious dogs [Heymans and Bouckaert, 1931; Samaan, 1935] 
usually show a prolonged fall of systolic pressure (15-40 mm. Hg below 
the records taken previous to the prick) for 20-30 min. after the end 
of pricking. 

In another series of experiments variations of the renal circulation _ 
were established by partial compression of the abdominal aorta, either _ 
proximal to, or distal to the origin of the renal arteries. Blood-pressure 
records from the carotid and femoral arteries were taken simultaneously. 
The proximal aortic compression is followed by a rise in the carotid and 
a fall in the femoral pressures, and a definite reduction of urine flow; 
the intensity of inhibition is dependent upon the degree of aortic occlu- 
sion. On the other hand, the application of the distal aortic compression, 
although associated with similar changes in the carotid and femoral 
pressures, is never followed by reduction of urine secretion; indeed, 
augmentation usually takes place. Neither hypophysectomy nor de- 
nervation of the kidneys interferes with the results. 

Further experiments on the carotid sinus vaso-motor reactions show 
that occlusion of the common carotid arteries in animals deprived of 
the depressor nerves (t.e. eliminating the restraining effect of the buffer 
nerves on the vaso-motor centre) is followed by a marked rise in the 
systemic blood-pressure (femoral) and an intense increase of the urinary 
flow from the normal and from the denervated kidney. 
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A simple drop-recorder suitable for renal work. 
By Apu SaMaan. 


It is a modification of Condon’s recorder [1921], The drop of urine, 


_ falling from a height of about 8 cm., depresses a thin aluminium wire (A) 


and thus closes the signal circuit through a platinum-mercury contact (B). 
The aluminium wire replaces the straw of an ordinary “heart lever”; 


4 


Ss 


G with 


Fig. 1. 2, glass tube leading the urine from the kidney; F, counter-poise of plasticine; 
G, signal; H, 4-volt accumulator. The drop-recorder on the left side is activated. 
Further details in text. x 1/3. 


an angular bent (C’) prevents overshooting. The iii adjustment 
of the recorder in the vertical position is guided by a tiny disc-shaped 
spirit level (D)ffixed on it. The maximum efficiency is about 300 drops 
per min. Two sets of drop-recorders (one for each kidney) are usually 
fixed on a clamp. 


A 
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Acute pericardial edema. By R. J. 8. MoDowatt. 


If cats are anmsthetized with chloralose and have had subsequently — 
injected chlorazol fast-pink to prevent clotting, as for crossed circulation 
experiments, failure of the circulation commonly occurs from cardiac 
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failure. This has been found to be due to acute pericardial cedema which 
is readily diagnosable from the low arterial and rapidly mounting venous 
pressure. When the pericardium is punctured, the fluid may spurt out 
of the chest, and there is at once complete recovery of the circulation. 
The occurrence of the condition, which might be mistaken for shock, 
has an interesting bearing on the selective effect of the fast-pink on 


capillary permeability. 


A method of using alternating mains current 
for time markers, etc. By R. J. 8. MoDowatt. 


The method makes use of the residual magnetism of an electro- 
magnet, which prevents a suitable armature of soft iron from being 
completely released from the poles between the phases of an ordinary 


fifty-cycle alternating current, The mains (M) current is stepped down 
by means of an ordinary household bell transformer. In series with the 
clock (C) time marker (7M) circuit, the parts of an electric bell are 
introduced, so that the armature activates a short circuit. 
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The current through the time marker is short circuited a minute 
fraction of a second after it is made. The mark made by the time marker, 
therefore, is quite independent of the duration of the contact made by 
the clock. The contact D can be adjusted so that single shocks are given. 

Since difficulty may be experienced in obtaining an electric bell with 
suitable armature, a unit embodying the device is being made by 
F. Palmer. 


Insulin and the formation of glycogen in the Liver. 


Recent workers [see Cope and Corkill, 1934] have shown that the 
formation of liver glycogen in young rabbits in response to insulin re- 
quires the cooperation of adrenaline from the suprarenal medulla. 

In some cats under chloralose, starved for 48 hours and given about 
0-2 unit of insulin per kg. intravenously during 2-3 hours, the glycogen 
of the liver had increased at the end of the period of infusion. This 
_ imerease was obtained even in the presence of a severe hypoglycemia 
during which convulsions did not occur. After the infusion of insulin 
was stopped rapid glycogenolysis set in. 

In another series of six experiments the suprarenals were rémoved 
under chloralose and a period of 3 hours allowed before the cats were 
similarly given insulin; four showed a rise and one a fall in liver glycogen. 
In order to try to get unequivocal results a series of cats, in which the 
suprarenal medullas only are destroyed, is being prepared. 


REFERENCE. 
Cope, 0. and Corkill, A. B. (1934). J. Physiol. 82, 407. 
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